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¥ 0002+ [ DESCRI PTION] [l nvention Title] - EXCAVATI ON SYSTEM

USI NG A WATER -JET, AND EXCAVATI ON METHOD USI NG THE SAME 5[ Tech

The present invention relates, in general, to a tunnel excavatmwmﬂwmmnmmmm
t echnol ogy based on expl osi on bl asting, and nmore particularly, to g s
technol ogy for reducing the propagation of inpact or vibration causecf9

bl asti ng which occurs during the 10 tunnel excavation process
particularly, the present invention relates to an excavation mwmmmm“mmmmw
forms a free surface, or a series of spaces, around a tunnel using.g.,water '
jet, so that the blast vibration is not propagated to the ground surface,
and an excavatd@ﬂsanlhmmbnklng t he sane. [Background Art] A blasting

process using explosives is frequently carried out for construction and
engi neeri ng opdiaveohseniTitdadti cul ar, underground tunnel excavati on.

Femvi ng & r k(IO A0 SFSTRhAT NGt BN S o e ST REFOR BV of the

epr05|ve§§Iﬁe q%%tbggEand noi se that are unavoi dably produced

5 [Technical Fieldl’

The present invention relates, in general, to a tunnel
excavation technology based on explosion blasting, and more
particularly, to a technology for reducing the propagation of
impact or vibration caused by blasting which occurs during the

10 tunnel excavation process. Even more particularly, the present
invention relates to an excavation system which forms a free
surface, or a series of spaces, around a tunnel using a water
jet, so that the blast vibration is not propagated to the
ground surface, and an excavation method using the same.

15 [Background Art]

A blasting process using explosives is frequently carried
out for construction and engineering operations, in particular;
underground tunnel excavation. Although the blasting process
has the merit of being capable of efficiently removing a rock.

20 base or other obstacles using the explosive power of the
explosives, vibration and noise that are unavoidably produced
upon blasting are propagated to the ground surface, having an
adverse effect on buildings and a variety of other structures.
In addition, although impact waves propagated from the source

25 of explosion during the blasting process are significantly



upon bl asting are propagated to the ground surface, having an adverse
teff.ect on buildings and a variety of other structures. In addition,

al t hough i npact waves propagated fromthe source 25 of explosion during the
bl asting process are significantly reduced depending on the distance, some
of the energy generated at that tine causes vibration (blast vibration) of
the ground while being propagated in the formof elastic waves. Wen a
bui l di ng or subway facilities are present at a relatively close 5 distance
fromthe source of explosion, there is a possibility that a severe problem
can be caused. Technol ogi es of the related art for reducing the
above-descri bed blast vibration are as follows. First, an excavation

st r uct ur ecdndededapendiory Wrotkiengibtasce vigme icdn the gsehgy | 9ered@tied hol es
di scl osed in Korean Patent No. 0531985 proposed a technoloo of form ng at

| east twatr sl toftimenapses| ReFasiar o&gﬂa%\‘h e tieme A %’teecgriorlﬁnﬁl rock

base to be excavated such that the hin% drill. h Ie§.of one rowW%Iternate
with t he Wihg HeLPg KREPEEIRFeT he of REr TPOW, Ofn e@&al tFolieVE> 15 f"Unnel

bl asti ng . nethod di sclosed in Kar P 059998

technol o l@ﬁéPgu Essog%ae:%ﬁ%%é?ggﬁ %%$2ér%§$q: ggrg %ggéggaggpéﬁ'thance

fromtfe afi%%ﬁtﬁé ¢hoft tt(l;l@”%'our@é agk g&!jfo@@sf&ﬁﬁ&%&*"ié”@ gbspusiad et ween

t he uncharge oles, and a plurality of expansion holes which are forned

i nwar d oftHzhe 22QeU8sd a5l hokes - be causethese preceding technol ogi es share
a comonality in that a plurality of holes which are forned in the

direction i n wkictinoflbgiesinnél text erdsted wsed fag aradusriagi drier edhgoieng
means. However, when a plurality of holes is forned, connectjnq@areas 25
are presahisdsebadenblast hovdscaBligst @rbr aBFonfehd®vss propagdtted @Frough

t he connecting areas is not blocked. Therefore, the hales used in.the
pr ecedi NEREVREHPBQISELUSFBr @n 2PAp SEEECE ViYr al?jr?ﬁ'klrn@df}%]iar?d: ne T{Hoﬁ‘

ddition, t, |, at i d f th | I
Zone. 1 17 S 206k Pt BRLESpOLETb Hhe F o BrETt i RgroThr by BAIA g a
danger ofp J@ ULl (COABRI NS SEBhL R 21) - 1daePatild CHORL . oghendal ast

force is“excessive, a space e€xceeding a designed tunnel space is dug,

thereby causiingaver Rieakd LA hhbsS €3SBe BlasHe @BIMUNModK kel aete nust
be 10 poured into the vacant space, which is problematic. In contrast, when

bl ast forgeadvatieasyibhcicaat, thadeihe edkidtchobes anfl ame addi t abrednadiger at i on
usi ng an excavator or a rock drill is required. The tunnel excavation
process ofitthhetheel himel drill nvolasescf the other row. In addition, a
' 15 tunnel blasting method disclosed in Korean Patent No. 0599982
proposed a technology that uses large uncharged holes which are
formed at a distance from the contour of a tunnel, crack guide
holes which are disposed between the uncharged holes, and a
plurality of. expansion holes which are formed inward of the

20 uncharged holes.

These preceding technologies share a commonality in that a
plurality of holes which are formed in the direction in which
the tunnel .extends is used as a vibration reducing means.

However, when a plurality of holes is formed, connecting areas

25 are present between the holes. Blast vibration that 1is



15 forming a plurality of charge holes using a junbo drill, charging the
thol-es with expl osives, and expl odi ng the charged expl osi ves. About - one
hundred charge holes are required for one blasting operation, and the
operation of formng the charge holes is manually carried out by junbo
drill workers. 20 Therefore, an inprovenent in the efficiency of the
operation is required. In general, in the tunnel excavation, a variety of
front predictive nethods of inspecting the status of a rock bed in the
front area that is to be excavated in order to prevent the 25 tunnel from
collapsing or the like are being introduced. However, indirect inspection,
such as the neasurenent of a resistance depending on the properties of the
rock baseropsgated ethmamgh ndhead cOPNsEbERANt 15835 nsifectlOtTh&XOFERE;: t hese
met hods have | ow inspection reliability, and still_have a 5 danger _in that
t he tunngpeﬁﬁ§°E%dI%ﬁ%ehQﬁﬁ%lﬂfggkéﬁvékﬁoﬁFeFE§§%$og?ﬁhﬂoﬁéﬁégﬁnﬁgglaﬁroblen]
Accordinggé, %he pL%%?%L invention hasnbeen made keeping in mnd the above
pr obl ens TBEEGFFFhg” I A HED EF APt A/t ™8nd is 10 intended to provide a

water jet devige and,an, excayali AL ABLIod, Wakeho&f fectinelseineducasct he

propagati on of i npact, vibration or noise caused by bl asting which occurs
during ajldppely exgavRl i AhPracess. adjacentd heotVBate Oporsi@l squéntended to

prevent underbreak or overbreak which woul d ot herwi se be produced by the
bl asti ngmakstheg} urhekeby causThe ianvemigan of aheo turnendesbll@psiingni ze a
damage zone which is fornmed by the blasting, thereby inproving the
stabilitysek Fhé.t2hnel .IrR@Edicnlent i wren Plasso fioncente X SPENERm 2e t he
ef ficiency of an operation, so that the operation can be efficiently
carri ed spRce exceeding imvesigsadi 5UaNeb FRRENdEd WG, eRABTPYaFa¥REATat i on
gg:ﬂ%igzrkggbgggg?l &gcghgg ggsgybgt?gééglg%mhﬁ?R%Ptsc%té%%kge%ﬁgkc%g
10 poured into the vacant space, which 1is problematic. In
contrast, when blast fofce is insufficient, underbreak occurs,
and an additional operation using an excavator or a rock drill
is required.
The tunnel excavation process of the related art involves
15 forming a plurality of charge holes using a Jjumbo drill,
charging the holes with explosives, and exploding the charged
explosives. About one hundred charge holes are required for
one blasting operation, ahd the operation of forming the charge
holes is manually carriéd out by jumbo drill workers.
20 Therefore, aﬁ improvement in the efficiency of the operation is
required.
In general, in the tunnel excavation, a variety of front
predictive methods of inspecting the status of a rock bed in

the front area that is to be excavated in order to prevent the

25 tunnel from collapsing or the 1like are being introduced.



In order to overcone the foregoing technical objects, the present invention
' provi des an excavation systemusing a water jet and an excavation nethod
using the sane. The inventors of the invention considered the connecting 5
areas between the holes, which are known as a problemwith the related art,
as an adverse faction that nust be renopved, and defined the formation of a
free surface, or a continuous space, along the outer circunference of a
tunnel as a best node. A mmjor technical solution for realizing the best
node is to 10 introduce a water jet technol ogy and an abrasive. In an
aspect of the invention, provided is a water jet systemthat includes a
novi ng unit novable over an area that is to be blasted; an articul ated
robot ar modieyposedinstireRé novARegtaant; \ichate? & neeaFwEremsHit &f oA a

| eadi ng end of the robot 15 arm a supply unit which suppljes high,pressure
wat er ?olﬁﬁésﬁéﬁ%? F@Peﬂ%%%ge?“aﬁ@eaFggﬁ%?&Peﬁnﬁ¥gvﬁh%hggﬁﬁtﬁﬁﬁggtﬁ novi ng
unit, the robot armand, th ter.jet nozzle, 1t is e t he
suppl y LuﬁQf;§8ﬁpPVtaﬁn§BF§§igg_gpgﬁgaﬁf%%fh%%ﬁpﬁﬁ3§335?§§€%§§aff %3%%80rding
. 1o an em?n%qlhvg\lﬁgt 24y d h?ohnvﬁ{gfeeg{{ﬁogpef%gf%il]i% ,nozzh e Jmy i nelyde,a depth

sensor part Ich neasures a ree surface that is crushed by

the high-prgesurs WalereheaRtnhbe BHPIIAI1agREL dBBING WHda@ktibg. robot arm and
the supply unit based on the depth that is crushed. 25In addition, the

wat er jet nozzl[gjBgayosuxdjude a width sensor part which nmeasures a wi dth of
the free surface that is crushed by the high-pressure water, and the
control unit nfyecontcal Ardolembot arm and the supply unit based on the
width that is crushed. 5The water jet system having the above-described
confi gur at i on Xosorsiagty eetBar Paeeeavi AVERE inte ddte rbfsie et FeRHEgnd an

area to be blasted in the direction in which the tunnel i;s to be excavat ed.
After theTf Mé8dsiPeageys B gs exprosivesth ﬁ&earrg aiL'Sdb%rté’xcaé\?gtlgd i's

cher 99l 508 BRI, FORheLE0 ghoeni s EseLa) o

Accor 1on, i'S T pOsSi ctivel'y reduce the

prOpagaIidﬂlc%fe&%@é%&y%g§?%%ﬁggigﬂﬂHbtﬂ?%ﬂ&@%@i%Hrgécgmpact, vidrAddnt i on,

since bl ast overbrea t he cost "of an additional reinforcing
const ructd,onngdBe be-dipducedy blastindr t feldr @cca@sungeriipeak iturpleaduced,

thereby requiring no additional operation, and the fornation of a damage
zone due dxzahbkasbhngrécess.ni m zed, thereby enhancing the stability of

The invention is also intended to prevent underbreak or

15 overbreak which would otherwise be produced by the blasting of
the tunnel.

The invention is also intended to minimize a damage zone
which 1is formed by the Dblasting, thereby improving the
stability of the tunnel.

20 The invention is also intended to maximize the efficiency
of an operation, so that the operation can be efficiently
carried out.

The invention is also intended to enable an excavation

point in the tunnel face to be substantially inspected.

25 [Technical Solution]



20 the tunnel and inproving the operation efficiency. In addition, it
*is possible to substantially analyze the geol ogi cal features of the tunnel
face to be excavated, thereby ensuring the safety of tunnel construction.
[Description of Drawings] 25FIG 1 is a configuration view of a tunnel
excavating water jet system according to an enbodi nent of the invention;
FIG 2 is a view show ng a tunnel excavating water jet device according to

an enbodi mrent of the invention; FIG 3 is a view show ng the
novenent of the tunnel 5 excavating water jet according to an enbodi nent of
the invention shown in FIG 2; FIG 4 is a view showing a tunnel

excavating water jet nozzle accordl ng to an enbodi nent of the |nvent| on;
FIG 5 is a vilewslew g ancesemd| erofferracdegr E6CBR1ADL f PRERMSIH oft"8n
articul ated robot arm according to an enbodi nent of the invention;

FIG 6 iPresentl jeveaEioR 9¥%W%|%1|%c%val’trlé’é‘ SYPF§0e Y Pnéd "Baf a wat er

] et systemof thelnventlo nillustrative view

depi cti ng & AR oF°H OBa’E‘?t—ékrl%d tuoSlt?eg crusl%gr&éidefi ned by the water jet

system of the jv ety o, bl Ge Bns dndreWosnovhBiadrddiniel exgraatingg wat er
jet device accordlngto anot her enbodi nent of the invention; FIG 9is a _

vi ew depi£idRg b%ttvléeﬁe’ch@xm@l Qihlr@ht hod 200usi 8¢ & padisYen atitsyshem of
t he invention; 10 a view showi ng charge holes in a surface to

be excavqtee__@t@a WHtGh & fal’rBQacSkHrfs&CEfacﬂilfoﬂl‘ michtacestdibey temaved, i @nent i on;
FIG 11 is a view show ng a frane-type tunnel excavating 25 water jet
devi ce aciffrigiedgthe &ootdigioremifodi feae @\flrféliré%, i9¥véntcephinuous space,

along the outer circumference of a tunnel as a best mode. A
major technical solution for realizing the best mode 1is to

10 introduce a water jet technology and an abrasive.

In an aspect of the invention, provided is a water jet
system that includes a moving unit movable over an area that is
to be blasted; an articulated robot arm disposed on the moving
unit; a water jet nozzle mounted on a leading end of the robot

15 arm; a supply unit which supplies high pressure water to the
water jet nozzle; and a control unit which controls the moving
unit, the robot arm and the water jet nozzle. It is preferable
that the supply unit supply an abrasive along with high-
pressure water.

20 According to an embodiment o% the invention, the water jet
nozzle may include a depth sensor part which measures a depth
of the free surface that is crushed by the high-pressure water,
and the control unit may control the robot arm and the supply
unit based on the depth that is crushed.

25 In addition, the water jet nozzle may include a width



FIG 12 is an exanple view depicting a free surface which is forned by the
*water jet systemshown in FIG 1; - FIG 13 is a view showi ng a

t hree-di nensional (3D) finite 5 elenent analysis nodel; FIG 14 is a view
of sinulated bl ast pressures depending on the tine; FIG 15 is a view of
simul ated synthetic displacenents in XYZ directions; 10FIG 16 is a view of
sinmul ated di spl acenents in the horizontal direction; FIG 17 is a view of
simul ated di splacenents in the vertical direction; FIG 18 is a
vi ew showi ng variations in vertical 15 displacenents depending on the tine
at a position 1 mabove a contour hole; FIG 19 and FIG 20 are views

showi ng variations in vertical displa

chout ng_varlaui one, 1, var ical, duspl seegnie als acposian abpya ablest
oo AEERE TR RyTRLBPLIN U R e £ ook SUER, N TR O
showi ng si,oulai ednyal upse Wath LASPERE LOpkeyt Lt BhsehackMeALsiviakd

that is crushed.

5 The water Jjet system having the above-described
configuration forms a free surface having a predetermined depth
around an area to be blasted in. the direction in which the
tunnel is to bé excavated. After the free surface is formed,
explosives the area to be excavated is charged with explosives

10 and blasted.

[Advantageous Effects]

According to the invention, it is possible to effectively
reduce the propagation of blast vibration using the free
surface. |

15 ~ In addition, since blaét overbreak is reduced, the cost of
an additional reinforcing construction can be reduced.

Furthermore, no underbreak is produced, thereby requiring
no additional operation, and the formation of a damage zone‘due
to blasting is minimized, thereby enhancing the stability of

20 the tunnel and improving the operation efficiency.

In addition, it is possible to substantially analyze the
geological features of the tunnel face to be excavated, thereby
ensuring the safety of tunnel construction.

[Description of Drawings]

25 FIG. 1 is a configuration view of a tunnel excavating



25FIG 24 is a graph show ng neasurenents of maxi num displacenents with
*respect to vertical displacenents. (Mde for Invention] In order to realize
t he foregoing object, the present invention provides an excavation system
that includes: 5a nmoving unit novable over an area that is to be bl asted;
an articul ated robot arm di sposed on the noving unit; a water jet nozzle

nmounted on a | eading end of the robot arm a supply unit which
supplies high pressure water to the 10 water jet nozzle; and a
control unit which controls the noving unit, the robot armand the water

j et nozzle. Herei nafter, exenplary enbodi nents of the invention
W Il be described in detail with reference to the acconpanying 15 draw ngs.

First of waker i¢le I¥SLRTNEFEGFeENDrtavGPds RS $H tAfe LHESERTHREIGR /and t he

clains of the present.invention should not. be interpreted as_bein imted
nmerely to co ﬁ°aﬁﬁ-H?c?igﬁﬁwysﬁggﬁpﬂg§.tEWnFﬁeeaéﬁf?é%9? Vﬁ€§rs Stld be

interprebggaggﬁggﬁggyggbggg?gféﬁgggghé%gqO%ogﬁgpﬁg,%kibgg i nvention in

conpl i an invention on t asis of the principle

that the invepter(sy qan apRLQR! i M&lnpethde dhentsE Mod Nt delinhel
describe the invention in the best way. Therefore, it should be

under s§ oekchbatingi Neerdhe R f eldcesnggenbodi amnt amsbdiclensedoifn the
description and the constructions illustrated in the Drawi ngs are provided
by way ofinexaspbe stekvrddnnBIGLi2Zit the scope of the present ‘invention, a
vari ety of equivalents and changes that can replace the follow ng.
enbodi ments arf8Gposki bt eaatvigwt iIsROWpBENE HEWSLheBaypEsRAt "PROENIPSN was
applied. nozzle according to an embodiment of the invention;
FIG. 5 is a view showing an example of the degree of
10 freedom of an articulated robot arm according to an embodiment
of the invention;
FIG. 6 is an illustrative view depicting a free surface
defined by a water jet system of the invention;
FIG. 7 1is an illustrative view depicting the line of a
15 pattern to be crushed defined by the water jet system of the
invention;
FIG. 8 is a view showing a tunnel excavating water jet
device according to another embodiment of the invention;
FIG. 9 is a view depicting a tunnel excavation method
20 using a water jet system of the invention;
FIG. 10 a view showing charge holes in a surface to be
excavated in which a free surface is formed according to the
invention;

FIG. 11 is a view showing a frame-type tunnel excavating

25 water Jjet device according to another embodiment of the



FIG 1 is a configuration view of a tunnel excavating water jet system
*according.to an enbodi nent of - the invention. As.shown in the figure, the
excavation systemusing a water jet device 600 specifically relates to a
technol ogy for reducing 10 the propagation of inpact or vibration created
by blasting that occurs in the process of tunnel excavation. Mre
specifically, the invention relates to the excavation system using the
wat er jet device 600 which prevents vibration from being propagated to the
ground surface during blasting by form ng a series of 15 spaces, or a
so-called free surface 20, along an outer surface (a planned surface of a
tunnel: see FIG 21) of a surface to be excavated 10 using the water jet

~ devi ce 60@vention; Referring to FIG 1 to FIG 3, the water jet device 600
according to an enbodiment of the inventjon general i ncl udes 20.a, novi ng
unit 100, an &G cdrat8d3F o™ Rarm Loty Rhﬁ?éng%t%%%Ezf%égﬁﬁ?,wglgﬁpply
unit 400 .and a contral_uni 0 i it 1100 is a noving neans
whi ch car® \%mﬁgc yarﬂ? VSIFFE ?%tt%St(?}Pgsg??gn{%f@x'caléati on over an area
to be excavat §dg Spaciti gaklky, LHSwIMYi H0:mid-a2R@nkSofa COMMNENni28 whi ch
allows the water jet éEVICE 600 to freely nove back and forth and to the
left and H1@enkhe sh@NfsisThedspyi ng unit 100 can be inplenented as including
a plurality of wheels or a caterpillar. The noving unit 100 is disposed in
front of the spd.acd tiz ke wxsava esiri(ated thesar pacssubes biepsnedngand can
5 nove in the direction of tunnel blasting. An object to be noved is the
arti cul ateed thebbimar m 200 which is provided with the water jet nozzle 300.
The articul ated robot arm 200 has a nulti-articuylated structure nounted on
t he novi ng unifIGt0G5THE érWF@UIS?eélﬁ%ﬁ??ﬁé;Sy e508 RSSO Hhe
upper portio%éof the noving unit 100, and functions as a support for
spatial MVefERECHiOT e water jet nozzle 300 which is nounted on the distal
end thereol. TR ohBls Of ol Ne Gftigul 2l JQRO! aPL) £UheRRS PLET @A Y 15
configured as a Hydraulic ?ype since they are requited to stand agai nst a
repul sive,JQrcec9i 4eacddim;of the water jet nozzle 300. For reference,
al t hough the water jet device 600 shown in FIG 2 is illustrated as
carrying out lbotdh the procassesewf ofr ushmuiptzdadespbadersmd scuin i ridpet he
base rock in the 20 horizontal direction (hereinafter, referred to as
‘hori zontwdrtprradedstrgctingt; only the horizontal processes but al so verti cal
processes are al so included according to the characteristjcs of the

articul ated rdbit- arlB 206 erfpl o&Y | PRIENEat FATFREIRY I cB? 600° Tt Be
invention. In addition, although on arLicu%&;ed 25 .rabot ;arm 200 is

i |1 ustl? atEFnlacerents deremaiad #1 A0 rillS &F HPIBEC arnE E&FVBe Pnount ed

and operated as heguired. As descri bed above, the water jet nozzle
300 i s noUMt€4 oA°thie front end of articul ated robot arm 200. A plurality

of water jet npzzlesq300 qmy1he el qyed. vildigs Wahehihgt va24&keons in

vertical displacements at é position above a blast point; |
FIG. 21 is a conceptual view of tunnel excavation of the
20 related art and according to the invention;
FIG. 22 is a view showing a model for numerical analysis
in the vertical direction;
FIG. 23 is a view showing simulated values with respect to
vertical displacements; and

25 FIG. 24 is a graph showing measurements of maximum



5 300 can be configured such that it can be stretched back and forth.
*Referring to FIG 4, the water jet nozzle 300 having the shape of a rod and
a predetermned length is nounted on a support frame 220. The length to
which the water jet nozzle 300 can be stretched can be controlled by the
control unit 500. 10 In tunnel excavation, the depth required for one-tine
blasting is generally 2 to 3 neters although it differs depending on the
geol ogi cal features of the rock base or the like. The stretchable | ength of
t he nozzle 300 is designed such that it can cover this range. In
addition, the water jet nozzle 300 can have a rotational part such that the
rotational part of the water jet nozzle 300 rotates in order to

suf fi ci ediFplecamaitey WkE EXPPYRE V@ Mortdcat WiRYCEMERERd from the water

j et device 600,to the ground, 20Jhe water jet nozzle 300 includes a depth
sensor part 318Made EPmilaRNEERbr part 320 at predeternined portions

t hereof which _can asu t t d - : 14ng. ecl.fJ ly, the
dept h sensor dgkto%%ﬁ§o%8tHggﬁgggrh?g? ﬁ%%gégng%OBH %?ﬂre§§§h§hgggﬁk of
crushing st romtBe a8 sy hacex2Qwideh shstemushad i2210MeBi gh- pressure

wat er. The control “unit 500 controls the "articul ated robot arm 200 and the
suppl ys unit 4Q0rbasad omit hevdepehovér causitieagthht beldid ibenplbbeedd dt h
sensor part 320 of the water jet nozzle 300 neasures the wi dth of crushing
fromthe free auntateulPdadhirchoicsacmushembdnd thethe ghopiressumie; wat er. 5 The
control unit 500 controls the articulated robot arm 200 and the supply unit
400 based on thevatiedt hesf norashi RgUNTRR Qfept hleahd s I3t ead@PPhe Wi dt h
sensor part 320 can be configured based on a | aser. The robot arm 200 has a
plurality®8% posture control 10 sensors in order to adjust the angle of

inclination and the | engt.h of .the nozzl.e, nd,controls the. ngzzle._i r eal
tinme dependinf'ﬁﬁu§éﬁ%ég”3aﬂﬂgfhI%?Egéﬁe i%%ghagﬁgﬁggFeiggB?gv? e§h§hich
senses Qe&h§e§o§gi£@§eaﬁglIapses in the state in which nozzle is

introduced into the nozzl e 300 is forth while free surface during
operation. requidgfrla QPEEaALBiSA a8sntLolRi MLal MbNithP WBTie]et@iemiripdt

di stance fromthe rock base. The opti mum di stance between the
arm and the water jet nozzle.

Hereinafter, exemplary embodiments of the invention will
be described in detail with reference to the accompanying

15 drawings.

First of all, the terminologies or words used in the
descfiption and.the claims of the present invention should not
be interpreted as being limited merely to common and dictionary
meanings. On the contrary, they should be interpreted based on

20 the meanings and concepts of the invention in compliance with
the scope of the invention on the basis of the principle that
the inventor(s) can appropriately define the terms in order to
describe the invention in the best way.

Therefore, it should be understood that, since the

25 following embodiments disclosed in the description and the



rock base and the nozzle 300 is maintai ned by neasuring the crushing of the
*rock base using the distance sensor 310 and the 20 w dth sensor part 320.
In general, the distance between the rock base and the nozzle is neasured
to be about 10 cm so that optinum performance i s obtai ned. The

tabl es bel ow represent tinmes spent for the formation of the free surface
dependi ng on the state of nozzles, 25 distances and the |ike, which were
nmeasured by tests.The tests were carried out using two nozzles as one pair
and by setting coupling angles (angles between the nozzl es when the nozzl es
are coupled at sides) to 7.10 and 3.8, depending on the distances fromthe
rock base and the noving speeds of the 5 nozzles (when the nozzles were

| i near | ycopserudtmianse ildfustantedi ght thet RFavipep ngrst PEPEHERM bRk ¥and
forth). Table 1 Nozzle noving_speed (10m1 s) ggz | e angl e () _Aver.age | ength

oL EhP 5

() AvePagexameitt qafdospated bt st it S 1ET nBEETPE WAkt me 2
purp (hrglngaéqggy ngftlég%i%aegn s[iyﬁhlnlhanges that can replace the
following embodiments are possible at a time point when the
5 present invention was applied.
FIG. 1 is a configuration view of a tunnel excavating
water jet system according to an embodiment of the invention.
As shown in the figure, the excavation system using a water jet
device 600 specifically relates to a technology for reducing
10 the propagation of impact or vibration created by blasting that
occurs in the process of tunnel excavation. More specifically,
the invention relates to the excavation system.using the water
jet device 600 which prevents vibration from being propagated
to the ground surface during blasting by forming a series of
15 spaces, or a so-called free surface 20, along an outer surface
(a planned surface of a tunnel: see FIG. 21) of a surface to be
. excavated 10 using the water jet device 600.
Referringvto FIG. 1 to FIG. 3, the water jet device 600
according to an embodiment of the invention generally includes
20 a moving unit 100, an articulated robot arm 200, a water Ijet
nozzle 300, a supply unit 400 and a control unit 500.
The moving unit 100 is a moving means which can move back
and forth in the direction of excavation over an area to be

excavated. Specifically, the moving unit 100 is a component

25 which allows the water jet device 600 to freely move back and
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forth and to the left and to the right. The moving unit 100
can be implemented as including a plurality of wheels or a
caterpillar. The moving unit 100 is disposed in front of the
surface to be excavated 10, or the area to be blasted,  and can
move in the direction of tunnel blasting. An object to be
moved is the articulated robot arm 200 which is provided with
the water jet nozzle 300.

The articulatéd robot arm 200 has a multi-articulated
structure mounted on the moving unit 100. The articulated
robot arm 200 is mounted on the upper portion of the moving
unit 100, and functions as a support for spatial movement of
the water jet nozzle 300 which is mounted on the distal end
thereof.

The joints of the articulated robot arm 200 are preferably
configured as a hydraulic type since they are required to stand
against a repulsive force or reaction of the water jet nozzle
300. For reference, although the water jét device 600 shown in
FIG. 2 is illustrated as carrying out both the processes of
crushing a base rock and cutting the base rock in the
horizontal direction (hereinafter, referred to as ‘horizontal
process’), not only the horizontal processes but also vertical
processes are also included according to the characteristics of
the articulated robot arm 200 employed in the water jet device
600 of the invention. In addition, although one articulated

robot arm 200 is illustrated in FIG. 2 and FIG.>3, a plurality

11
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of robot arms can be mounted and operated as required.

As described above, the water jet nozzle 300 is mounted on
the front end of articulated robot arm 200.. A plurality of
water jet nozzles 300 may be employed. The water Jjet nozzle
300 can be configured such that it can be stretched back and.
forth. Referring to FIG. 4, the water jet nozzle 300 having
the shape of a rod and a predetermined length is mounted on a
support frame 220. The length to which the water Jjet nozzle
300 can be stretched can be controlled by the control unit 500.
In tunnel excavation, the depth required for one-time blasting
is generally 2 to 3 meters although it differs depending on the
geological features of the rock base or the 1like.  The
stretchable length of the nozzle 300 is designed such that it
can cover this range.

In addition, the water Jjet nozzle 300 can have a
rotational part such that the rotational part of the water jet
nozzle 300 rotates in order to sufficiently transfer the
explosive force of water ejected from the water jet device 600
to the ground.

The water jet nozzle 300 includes a depth sensor part 310
and a width sensor part 320 at predetermined portions thereof
which can measure the depth and width of cutting. Specifically,
the depth sensor part 310 of the water jet nozzle 300 measures
the depth of crushing from the free surface 20 which is crushed

by high-pressure water. The control unit 500 controls the
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wl.8 1.2 0.93.835 7040 v 2.01.3 1.0 10Table 2 Nozzle noving speed
*(20mm' s) Nozzle angle () Average length (nm Average w dth

articulated robot arm 200 and the supply unit 400 based on the
depth of crushing. In addition, the width sensor part 320 of
the water-jet nozzle 300 measures the width of crushing from
the free surface 20 which is crushed by the high-pressure water.
5 The control unit 500 controls the articulated robot arm 200 and
the supply unit 400 based on the width of crushing. The depth
sensor part 310 and the width sensor part 320 can be configured
based on a laser.
The robot arm 200 has a plurality of posture control
10 sensors in order to adjust the angle of inclination and the
length of the nozzle, and controls the nozzle in real time
depending on sensed values. In addition, a sensor is provided
which senses when the rock base collapses in the state in which
the nozzle is introduced into the free surface during operation.
15 _ The water jet nozzle 300 is required to operate so as to
stretch back and forth while maintaining a predetermined.
distance from the rock base. The optimum distance between the
rock base and the nozzle 300 is maintained by measuring the
crushing of the rock base using the distance sensor 310 and the
20 width sensor part 320. In.general, the distance between the
rock base and the nozzle is measured to be about 10 cm so that
optimum performance is obtained.
The tables below represent times spent for the formation
of the free surface depending on the state of nozzles,

25 distances and the like, which were measured by tests. The
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aced distance (cn Cutting type Wrking tinme 2
punp [hr/lm Working tine 4 punp [hr/Im 7.1 45 37 10 w 0.8 0.5

tests were carried out using two nozzles as one pair and by

setting coupling angles (angles between the nozzles when the

nozzles are coupled at sides) to 7.1° and 3.8°, depending on

the distances from the rock base and the moving speeds of the

nozzles (when the nozzles were linearly moved to the left and
right without being stretched back and forth).
Table 1
Nozzle moving speed (10mm/s)
Workin Workin Workin
Nozzle Bverage | Average | Spaced . ) J . E ) J
. i Cutting | time time time
angle length width distance
. type 2 pump 3 pump 4 pump
) (ram) (mm) (cm)
: (hr/1m) {hr/1im]} (hr/1m]
7.1 70 37 10 W 1.0 0.7 0.5
7.1 60 45 20 v 1.2 0.8 0.6
7.1 45 45 30 v 1.5 1 0.8
3.8 50 60 10 W 1.4 0.9 0.7
3.8 38 65 20 W 1.8 1.2 0.9
3.8 35 70 40 v 2.0 1.3 1.0
Table 2
Nozzle moving speed (20mm/s)
Workin Workin Workin
Nozzle Average | Average | Spaced . . 9 . 9 ) J
Cutting | time time time
angle length | width distance
o type 2 pump 3 pump 4 pump
) (rom) (rom) (cm)
(hr/1m) [hr/1m] [(hr/1m]
7.1 45 37 10 W 0.8 0.5 0.4
7.1 40 45 20 \4 0.9 0.6 0.5
7.1 30 45 30 v 1.2 0.8 0.6
3.8 25 60 10 W 1.4 0.9 0.7

[
0

punmp (hr/lm Workin

g
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3.8 25 65 20 1.4 0.9 0.7
3.8 20 70 40 1.7 1.2 0.9
Table 3

Nozzle moving speed (30mm/s)

Working Working Working -
Nozzle | Average | Average | Spaced , . . .

. . Cutting | time time time

angle | length width distance
. type 2 pump 3 pump 4 pump
) (mm) (rm) (cm)

(hr/1lm) [hr/1lm] [hr/1m]
7.1 38 37 10 W 0.6 0.4 0.3
7.1 30 45 20 \ 0.8 0.5 0.4
7.1 25 45 30 . v 0.9 0.6 0.5
3.8 20 60 10 W 1.2 0.8 0.6
3.8 19 65 20 W 1.2 0.8 0.6
3.8 15 70 40 v 1.5 1.0 0.8

In the tables above, the cutting shapes represent cutting
5 shapes that were produced depending on the distances between
the rock base and the nozzles when the nozzles were a pair of
nozzles in the tests.
Conditions in the tests are presented in the following
Table.
10

Water Jet Pump

A water jet device having a high flow rate was used.

Table 4
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. . Stably used flow
Maximum Pump power Maximum flow e (802 Used flow rate
rate %
pressure (HP) rate (1/min) o /one nozzle
efficiency)
2800bar 240 31 25 8.8
Orifice
No. 24 orifice was used (dia. 0.061lcm, 8.8
liters/min@2500bar) .

Focusing Nozzle

Inner diameter of a nozzle tip: 0.09inch = 2.29mm

Test Pressure and Amount of Abrasive Input

Test pressure: 2500bar

Amount of an abrasive required: 57g/s (per each)

In addition, the supply unit 400 creates the high-pressure
water and supplies it to the water jet nozzle 300. The supply
unit 400 can supply an abrasive”along with the high-pressure
water to the water jet nozzle 300. The abrasive can be
interpreted as particles of sand or the like. The abrasive
supplied to the water jet nozzle 300 is accelerated by the
high-pressure water, and serves to increase the efficiency of
the crushing and cutting of the surface to be excavated 10
together with the water. Of course, the control unit 500 can

adjust the pressure of the water ejected through the water jet

16
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unp (hr/1Im Working time 3 punp [hr/1m Wrking time 4 punp [hr/Inj

nozzle 300 and the. amount of the abrasive required.

As described above, the control unit 500 of the invention
controls the moving unit 100, the articulated robot arm 200 and
the water jet nozzle 300. The control unit 500 controls the
movement of the moving unit 100 on which the water jet nozzle
300 and the articulated robot arm 200 provided, and controls
the speed of rotation of the rotational part of the water jet
nozzle 300 and the pressure and direction of the water that is
ejected from the water jet nozzle 300.

In addition, the invention using the water jet device 600
also includes a line recognizing means 210 which recognizes a
predetermined color line L which is painted on the surface to
be excavated 10 in order to perform crushing so that the free
surface 20 is formed on the surface to be excavated 10. Such
recognition can be carried out as follows: A worker paints the
line in advance according to a targeted surface of the tunnel,
and the device automatically recognizes the 1line via image
recognition and controls the operation of the device 6QO so as
to form the free surface.

In addition to the above-described image recognition
method, the method of automatically redognizing the position in
which the free surface is to be formed can be carried out as
follows.

A plurality of (preferably, at least three) locating

terminals is disposed at the side of the entrance of a tunnel.

17
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The locating terminals acquire their positions by detecting
signals from satellites, and each terminal sends position
information including information about 'its position to the
inside of the tunnel. The device 600 acquires distance
information pertaining to the terminals and the position
information of the terminals by analyzing the position
information received from the locating terminals, and
recognizes its three-dimensional (3D) position by operation.
Afterwards, the free surface according to the tunnel excavation
is formed by matching the recognized 3D position with 3D
position information according to the tunneling plan which was
input in advance. When the device cannot receive the signals
because the tunnel is long, a repeater terminal is added in the
middle of the tunnel so that the device can recognize its
position. When the repeater terminal recognizes 1its position,
the repeater terminal stores its position and sends position
information based on its position. In this case, the terminal
disposed at the side of the tunnel entrance may be removed.
The terminal disposed at the side of the tunnel entrance can
also be used as a repeater.

As an alternative, a laser or the like 1s used to emit
information pertaining to the guideline in the direction of
excavation from a specific rear point, and the device 600
detects the information and recognizes the 3D position of the

device 600. The emitted laser beam is linear in the 3D space,

18
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and the 3D position of the device can be acquired when only the
information about the distance between the terminal and the
device is operated. For this, the device 600 also includes a
locating part (not shown) and a posture detecting part (not
shown, which recognizes the position of the nozzle from
information pertaining to the inclination thereof and the
stretching of the nozzle). The device 600 can automatically
form the free surface.

Referring to FIG. 5 and FIG. 7, the line L is a pattern to
be crushed formed in the surface to be excavated 10.

The line L is the pattern to be crushed having the shape
of an arch, and is a predetermined color line L that is drawn
on the surface to be excavated 10.

In addition, the pattern to be crushed is basically the
arch—shaped pattern, but can be a pattern to which a zigzag
pattern is combined.

Here, the water jet nozzle 300 crushes the rock base along

the zigzag pattern, and the free surface 20 has a predetermined

width in the surface to be excavated 10.

Here, when the line L is formed as the pattern to be
crushed, the control unit 500 controls the articulated robot
arm 200 so that the water jet nozzle 300 follows the line L
that is recognized by the line recognizing means 210.

The line recognizing means 210 which recognizes the line L

can be implemented as a photographing means.
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0.6 3.8 15 70 40 V1.5 1.0 0.8 1In the tables above, the cutting shapes
‘repriesent cutting 5 shapes-that were produced dependi ng on the distances .
bet ween the rock base and the nozzl es when the nozzles were a pair of
nozzles in the tests. Conditions in the tests are presented in the
follow ng Table. 10 Water Jet Punp A water jet device having a high flow
rate was used. Table 4

When the location of the device is completed in the above-
describéd fashion according to one of the methods of locating
the device, the line recognizing means 210 determines the
present state of the free surface to be excavated 10, e.g.

5 whether the free surface protrudes toward the device 600 or is
caved in the direction of excavation.

When the determination is completed, prior to the main
operation, a preliminary operation is carried out by moving the
nozzle 300 to protruding portions whiéh must be crushed first.

10 The preliminary operation is carried out by dividing the entire
area into sections and operating the robot. arm.

That 1s, the control unit 500 controls the articulated
robot arm 200 to move along the line L that is drawn on the
surface to be excavated 20, so that the water jet nozzle 300

15 mounted on the articulated robot arm 200 crushes the free
surface 20 into the shape of the line L.

In this fashion, the articulated robot arm 200 moves along
the line I, the water Jjet nozzle 300 forms an arch-shaped or
zigzag trace while moving along with the articulated robot arm

20 200.

Consequently, the free surface 20, which is excavated into
the arch or zigzag shape having a predetermined depth, 1is
formed around the surface to be excavated 10. This free
surface 20 is configured such that it is interposed between the

25 surface to be excavated 10 and the surface of the earth and
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Maxi mum pressure Punp power (HP) Maximum flow rate(1l/mn) Stably used fl ow
‘rate(80% efficiency) Used flow rate /one nozzle 2800bar 240 31 25 8.8
Oifice No.24orificewasused(dia.0.061cm8.8 liters/ m n@500bar). 5

Focusi ng Nozzle Inner dianeter of a nozzle tip: 0.09i nch = 2.29mm

surrounds the surface to be excavated 10.

In addition, the water jet device 600 can also include the
line recognizing means 210 which recognizes the predetermined
color line L painted on the surface to be excavated 10.

5 Referring to FIG. 5 to FIG. 7, the arch-shaped line L is
painted on the surface to be excavated 10. The line L can be
understood as the substantial pattern that is to be crushed
using the water jet device 600 of the invention. The pattern
to the crushed is basically the arch-shaped pattern, but can be

10 a pattern to which a zigzag pattern is combined.

Specifically, the control unit 500 controls the
articulated robot arm 200 so that the water jet nozzle 300
follows the line L that is recognized wusing the line
recognizing means 210. The line recognizing means 210 can be

15 implemented as a photographing means. Thus, the free surface
20 is formed along the line L. For reference, as illustrated
in FIG. 7, the control unit 500 controls the articulated robot
arm 200 so that it basically follows the arch-shaped line L(
and can also control the articulated robot arm 200 so as to

20 draw the =zigzag trace considering the width of crushing.
Consequently, the free surface 20, which is excavated into the
arch or zigzag shape having a predetermined depth, is formed
around the surface to be excavated 10.

When the free surface is formed, the space inside the free

25 surface is photographed using a camera mounted on the nozzle,
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Test Pressure and Anount of Abrasive Input 10Test pressure: 2500bar Anount
*of an abrasive required: 57g/s (per each) In addition, the supply unit 400
creates the high-pressure water and supplies it to the water jet nozzle
300. The supply 15 unit 400 can supply an abrasive along with the

hi gh-pressure water to the water jet nozzle 300. The abrasive can be
interpreted as particles of sand or the |ike. The abrasive supplied to the
water jet nozzle 300 is accelerated by the high-pressure water, and serves
to increase the efficiency of 20 the crushing and cutting of the surface to
be excavated 10 together with the water. O course, the control unit 500

can adjust the pressure of the water ejected throggh t he water. .jget nozzl e
300 and tamel gheuptais tdfe thiSr FOCHeLREYUIF edisPectedag ﬁe@%‘?‘?l‘g’é&l ¥o9&, the

control unit 500 of the invention controls the ving.unit. 1 h
arti cul at$d1PBBst d‘éFhﬁ“?iZOﬁ‘ean%llhﬁ”?@%FePri"é?S%o‘ZgF%i 9T Re cgl%rﬁ‘ﬁgr%oﬁruni t

500 controls the 5 t of t ' i g . ot
nozZFgnsggngﬁaughén%?gﬁgﬁfunﬁé %%OQP%#%%f nHHl%QQﬁﬁﬂt%bH_ feBgeWaher je

ated r 0 provided, and controls the

speed of [ t ratahi ohghsarde 16 .t he water jet nozzle 300 and
the pr esss{?%tg%gnggd?é%cgtlﬁygﬁaof t he V\?at er that is ejected fromthe water jet

nozzl e5 300. 1Gimg . addi ti®n,a t Reelnveidwiony uahogh¢he emoelimpet devi ¢&e600

al so includes a line recognizing nmeans 210 whi ch recogni zes a predeterm ned
col or |inevierthbah i s patfereihon the EUEf ac®, t oabecrkicwyatted HNJdthegr der to
performcrushing so that the free surface 20 is forned on the surface to be
excavat ecent@diBaoh IF rthegrinvestiean e Barpgledesgevaking| FBHRT ASkor ker
paints the line in advance according to a targeted Zbu{)fac t he .t lénnel,

and the disviice £Ronras chYPyarbLeyht FROY | REY rr&Bg ?Jfé(g%nijtel on and
control s rgohzezl%%eggbi. OnEacl)c];h tohte tqleeVia% igggaéeod AR fa(?rl:ng| EB@ éﬁ&?orstlér face.
10 corresponding water jet nozzle 300. As indicated with arrows
in the figure, both .the height and length of the water jet
nozzle 300 can be adjusted.
The water Jjet device 600 will be described as follows.
Components. of the water jet device include the articulated
15 robot arm 200, a distance meésuring sensor, a temperature
monitoring sénsof; a suction system, a depressioh detection
system.
More specifically, .the articulated robot arm 200 is
designed such that the free surface 20 can be formed without
20 the problem of device malfunction caused by errors in the free
surface 20 and the speed of movement of the articulated robot
arm 200 can be controlled.
The distance measuring sensor is attached to the water jet
nozzle 300, and is.configured so as to stop operating when no

25 targets are present within a predetermined distance.
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20In addition to the above-described i mage recognition nethod, the nethod
"of automatically recognizing the position in which the free surface is to

be formed can be carried out as follows. A plurality of
(preferably, at least three) locating 25 terminals is disposed at the side
of the entrance of a tunnel. The locating termnals acquire their

positions by detecting signals fromsatellites, and each term nal sends
position information including information about its position to the inside
of the tunnel. The device 600 acquires distance 5 information pertaining to
the termnals and the position information of the term nals by anal yzing
the position information received fromthe locating termnals, and,

recogni zes it dnt hraddidiivansi ohgl  (BOP§FESERoON ngﬁéiﬂ%‘ﬁi ofSN2P¥ er war ds,
the free surface accordi n% to the tunnel excavation 10 is

, formed _b
mat chi ng CORELPBERYni KA 3BD86si £FonSH t S YFSsi i o STRTOT S oﬁaﬁégor di ng

to the tunnelin an_which_was input_in t deyi nnot
recei ve trﬁgong%%kFJse b8Bafse e t aﬁnen i%’?%\él%gfi%g ?'gebgglatt glﬁltg%qﬁlngﬁaiﬁéi s
added inpgf{%%eﬂicd%ﬁeacogi&etﬂ@_tunnel so that the device can recognize its 15
posi tion. en the repeater termnal recognizes its position, the repeater

term nal storegd tsu0Y | Hfstepd sendsnpoghtdédnsihc ormati ahebasedion its
position. In this case, the term nal disposed at the side of the tunnel
ent rance sygyche tageevad. wEtert emd rdilsdhiasgesedtattot kecgihde efreshehennnel
entrance can 20 al so be used as a repeater. As an alternative, a |aser or
the |ike tihe usetlet o fdwiws | & orthet | sACherkadani 4§ teruthedyui deThke CATt he
direction of excavation froma specific rear point, and the device 600

det ect s (IPESEAREREAY | BYEVRTF rASPagAT268 BRE SPBIHoSPETHT DI EPE8I& ce
600. The emtted | aser beamis |inear_in the space and e 3D position
of the d&i€e Ggﬁ SéeﬁcaHFE%%e véganl%n#l eﬁg iﬁggr %%Pftcaiﬁsé%%u(%ehi%%lggst;ni:e
bet we t he .t er m_nal jCce.l erate E .S, .devi-ce 600
al so i%:clsﬁﬁggma Hsocca%n?frr%gu%ggt g’?#&t %ghgv\%% aéraldé] gjeggg{t u?egfedé%(;e%? ilﬁg Iggrt (not

5 shown, whi.Gh, reeognl zesd he Raskt bONtRAL tHe NQA2ls8eHr aAd | WadHEat iben
pertaining to the inclination thereof and the stretching of the nozzle).

The devi Gy t60ftean it onBdz1eal 300 f s miamegdd aey stiid adepressed grounBef erring
to FIG 5 and FIG 7, theline L is a pattern to 10 be crushed fornmed in
the surfarfe tthebe wateavatied 1@ozzle 3TBe Lsnedamiged,he Ppatdesignt o ose
crushed having the shape of an arch, and is a predeterm ned color line L
that is dranfigunathen sthpacdacdlbtabgeavapégcepent and reassembly 1s

15 provided.

In addition, it is configured such that, when the water
jet nozzle 300 does not properly move when forming the free
surface 20, the reasons.can be identified.

Hereinafter, with reference to FIG. 9 and FIG. 10, a

20 description will be given below of an excavation method using
the water jet according'to an embodiment of the invention.

First, the water jet device 600 is moved to an excavation
position using the moving unit 100.

When the device 600 is seated in position, the device

25 determines the present status by scanning its own position and
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In addition, the pattern to be crushed is basically the 15 arch-shaped

' pat ter n, but can be a pattern to which a zigzag pattern is conbined.
Here, the water jet nozzle 300 crushes the rock base along the zigzag
pattern, and the free surface 20 has a predeternmned width in the surface
to be excavated 10. 20Here, when the line L is forned as the pattern to be
crushed, the control unit 500 controls the articul ated robot arm 200 so
that the water jet nozzle 300 follows the line L that is recognized by the
| i ne recognizing neans 210. The |ine recognizing nmeans 210 which
recogni zes the line L 25 can be inplenmented as a photographi ng neans.

Wien the | ocation of the device is conpleted in the above- descrlbed fashi on
accor di ngheopontiof thet nkshéds fotrm| ¢bat ifrget rardageceand hétPF*h%
recogni zi ng neans 210 determ nes the_ present ségbe of the fre Eiace to
be excavéf@blmxnaQYQPPQ¥3WH@Ph§§lPﬁetPPe@°§ﬁﬂ?a pr ottFudés RY

device 600 or js caved in the directio xcayv t|on e
det er ni n&Pfbnthe E%ﬁﬁ?%f%&e 69P89 Ehetﬁén nwgpgra 09 X% ¥%§%$%ary

oper at i ol (SRLLLET AHL-BY, TRLg: bey nezzh e300 Cfr%(emshk‘@b@& pOEL i ons

whi ch nu?dee rus I m nary operation is carried out by

di vi dlsnglrshgrs@éfm&r@?aa e seeki ansrand pperathdy ahe»;fecmhn@r Bhe
That is heé control unit 500 controls the articulated robot arm 200 to

nove al orgpbheath nerlert hale bepthavh e thes wufrdaeet bs bEomechvati €dr20, so
that the water jet nozzle 300 15 nounted on the articulated robot arm 200
crushes thefiree stadtdng 2Dei covrveh@oshapas ofietdianinedeby, scanning.n this
fashion, the articul ated robot arm 200 noves along the line L, the water
jet nozzle 30Bfterwsrdsy aflsh- Bﬁfeﬁ%@ dro zk?‘igz%&’jl%he&céh\%ﬁl ie MeFitRgaP¥ng with
the articulated robot arm 20, 20 Conse(q Qe ree surface 20,
whi ch i s t8gcaiae dd itformge %ﬁcﬁP?NSQﬁfoﬁgtgH%bé”ﬁﬁ&?ﬁa éredeternined

dept h f d d th f to, b f f
oo™t oot | oulBa BEHeTmar kAR Red B or R By e i T Snll SBCAUTT Boe
excavat e%h%gegn%rl h?ﬁ%%gpsteérﬁh naaréam?c% Skid oungds thenspripce to be

excavat e tron er Jet device 600 can al so include
the |inejea098i%idkh M®@ARS 340w hilt faee0@Bi BESestdierapradet er m ned col or

line L painted on the surface to be excavated 10.

The control unit 500 recognizes the line L formed on the

surface to be excavated 10 via the line recognizing means 210,
15 and controls the water jet nozzle 300 so as to foliow the line
L.

When a plurality of robot arms 200 is provided, the .
operation can be carried out by dividing the area into sections,
and .the sequence and time of operation is .respectively

20 controlled according to the robot arms such that the robot arms
200 do not interfere with each other.

The control unit 500 controls the articulated robot arm
200 so as to move along the line L, so that the free surface 20
is formed in the planned shape of the line L.

25 The free surface 20 is formed to a predetermined depth in
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5 Referring to FIG 5 to FIG 7, the arch-shaped Iine L is painted on the
*surfrace to be excavated 10. The line L can be understood as the substanti-al
pattern that is to be crushed using the water jet device 600 of the
invention. The pattern to the crushed is basically the arch-shaped pattern,
but can be 10 a pattern to which a zigzag pattern is conbined.
Specifically,the control unit 500 controls the articulated robot arm 200 so
that the water jet nozzle 300 follows the line L that is recognized using
the Iine recognizing neans 210. The |ine recogni zing nmeans 210 can be 0

i npl enented as a phot ographi ng neans. Thus, the free surface 20 is forned
along the line L. For reference, as illustrated in FIG 7, the caontrol unit
500 cont kbEssehkacs thioc BRacseR YRSt 18 #2009 e tideT 1ehakPZ&a vl | ows t he

arch-shaped line L, and can al sg control _the artipcul ated robot arm 200 so
as to 20 draw'Pfie SEEgz&f tPERBMESTsi U6 i TS h@uﬁ#%cfen %ﬁ CFasht Y. the

Cbnsequentléhﬁ%C? %&Eeﬁi%if%ggtgowaygg%?hiém§¥c§M§£%g%iQbo‘t archgor

zi gzag sfap &det'erm ne ,"1's formed arouhd the surface to
hdQ-

be excav Rt hedee s fage bsaf obimd, ubhegspaee
i nsi de t%%ggree 5% g&?fggge¥2%photographed using a %anera ngugf%d on the

nozzl &, gsaRdolde stiabHS t8t wkesthieedk Wagehi sri Aspelkt @des Anposekbeddt y of
col | apse during the subsequent process of blasting a charge or constructing
t he tunnekfisepcediveilad, i ntlor deoztbei Nt¥kade t bpeswfast yagéin heirsubbequent
construction. 5FIG 8 is a view show ng another enbodi ment of the

i nvent i ocoRetependiga opdYt@dor8, imcesdel n§ot a@chiasvhethenidderneat ofdthe

i nvention, a tunnel excavating water jet device 600 has two articul ated
robot ar m9d2derihd water jet nozzles 300. Each of the articul ated robot

W th arrove | NPERe HFQRRBTIDGTR (HE ot Thnd T ChgP R ST% HED wifefCret
T R A
articul ated 15 49P0Ln@r E‘F_ZQQ, & diid aRcEe TRRASUEEDY BENSOT acBi&eSPEr at ur e
nmonitoring sensor, a suction system a depr essi on detection system
blasting preparation step is carried out.
When the process of forming the free surface 20 1is.
completed in this fashion, a plurality of charge holes 30 is
15 subsequéntly formed in the inner area of the free_surface 20
using the water jet nozzle 300. After thét, ﬁhe éﬁérge holes
30 are charged with explosives, which in turn cause blasting.
In addition, the pattern to be crushed according to the
invention can form the free surface 20 so as to be continuous
20 along the line 1L, or the designed excavation line of the
portion to be excavated. The continuous free surface 20 can
reduce the transfer of vibration and noise, thereby reducing
blast vibration. Unlike the related art iﬁ which blasting is

carried out in the state in which only the front side with

25 respect to the direction in which the tunnel is excavated is
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More specifically, the articul ated robot arm 200 is designed such that the
*freee surface 20 can be formed w thout 20 the probl em of device mal function
caused by errors in the free surface 20 and the speed of novenent of the
articul ated robot arm 200 can be controll ed. The di stance neasuring
sensor is attached to the water jet nozzle 300, and is configured so as to
stop operating when no 25 targets are present within a predeterm ned
di st ance. In addition, the tenperature nonitoring sensor is
configured such that it can neasure a tenperature range recogni zable as a
human at an excavating point in order to prevent an accident. 5The suction
systemis configured such that the suction systemtakes in water and
di schar gepenedt endntheevpsids \remsine waeet Fidfs %&Sﬁqu§ﬁq§c@n9a§geis
crushed. This can conse%uentlﬁgprevent,de osition and tﬁgf incre%se t he

€

speed at BRAFCIFidRe aFPesloaPHaby 5B ¢3PBPRRY. F9Re R esSion W& &P on 10
systemis configured such.that it . can detect t 0S{ 14l i of the
free surf&EE*SH toﬁgt bﬁE%éﬂ?e%Ee hgn(ft\%%gt hlélr @ﬁcﬁotdn&é’?&rh%r ecgﬂ{ﬁltg’zl%ge 300
s damaged by ddie depd egsed 3baUdy! ftdICa il ind ClodioZBAge 380: | erdamnged,
a design or contiguration that facilitates replacenent and reassenbly is 15
provi dgd.front sikl,addict i@Ridel ikhecarfrigwiad sweh theatrighhemsitbe awat er j et
nozzl e 300 does not properly nove when form ng the free surface 20, the
reasons Genke.i deniddrdedglyier eined t ehe fir¢d seffaenc0 ts FiGrésaad Fl G
10, a 20 description will be given bel ow of an excavation method using the
wat er j etthacconadintg @b anchaboei ibat of taeauipgentisominimizedrj r fhist he
water jet device 600 is noved to an excavation posn%ion,usin t he novi ng
uni t 100.consequently \WgGdUdss dePPRet6007ibEakeaReih PP oMidt hé fevi ce

25 determ nes the present status scanning its.own_position t he
portion tHESEETES foFﬁFFﬂ%yfFBngﬁ?gaéefmj d $15F 80 hgnﬁ%g??%gﬂéﬁy

operatj on. using t nozz| e It is preferable that the nozzle nove al ong
t he Iﬂ%e ﬁ?ﬂﬁ%@gg gg??ﬁf%%ﬂﬁréggESfed and rotated, thereby effectively

forming the free susfags, |hndn i sner €kpiablfed hahathedf nae wir facade
formed by operating the robot armafter the depth of the free surface is

formed unidier mpy afkr Yidsteat i ng e ieanvexiper tirahsdeet mratiived fiyrce
scanni ng. Afterwards, the pattern to be crushed that is defined by

t he |ine thdts doeutedpread hien salrlf alieetoibes edoavathedhg0rock baseqHd g4t t ern
to be crushed is forned by selecting the arch-shaped or zigzag pattern and
pai nti ng keheetdavatednavhigh aapredes et Medidieol dlowsvetne tEar Vet P e

excavat ed 10.
15 noise and destructive force are deflected or reflected toward

the rock base 10 from around the free surface 20 because of Ehe :
- difference between media (i.e. the'rock base and air). This is
the same as the principle in which sound generated inside water
is efficiently transferred inside the water but is not heard in
20 the air outside the water.

Consequently, the free surface 20 effectively blocks and
reduces the vibration and noise that are generated by the
explosion.

In the related art, the destructive force generated by the

25 explosion is propagated in all directions along the rock base,
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The control unit 500 recognizes the line L forned on the surface to be
*excavated ‘10 via the |ine recognizing nmeans 210, 15 and .controls the water
jet nozzle 300 so as to followthe line L. When a plurality of robot
arnms 200 is provided, the operation can be carried out by dividing the area
into sections, and the sequence and tine of operation is respectively 20
controll ed according to the robot arns such that the robot arns 200 do not
interfere with each other. The control unit 500 controls the
~articulated robot arm 200 so as to nove along the line L, so that the free
surface 20 is fornmed in the planned shape of the Iine L. 25The free surface
20 is formed to a predeterm ned depth in the surface to be excavated 10
usi ng t heheaeby faesing 2 greef. amount The ks of[EgBEFRMy t3EXF2Bsur f ace

20 measures the crushed depth and w dth of {he free gu iace(%O m@kgh is
crushed B tHE waRENE N n02H8 edSBEF IS Teat O e Us ﬁé THe"S BEndOFs. When

the measyred width o gepthdoes dalexceed,arelerance yal uers! hgynozz! e

300 is o esponding portion 1 n order to achieve the

i ntended i dth epLiy cHept hnand spaggsel thhed reasutkace 20
is not 1 Oggﬁﬁgggg%ghn£?%ﬁ¥?§€ gggcdﬁ?on conﬁand ig fulfilled, and when the

depth and,3pacg afalbheahdeft V4 reerdOtise afdiyedheaeby asédunginy epar ati on
step is carried out. When the process of formng the free surface 20

is conpl efr@intnoEhégpi@siRiesnrequptedal ity of charge holes 30 is 15
subsequently fornmed in the inner area of the free surface 20 using the

wat er j et nozAse sBEOn Aht BEGt Hdl, at Puchiige dbldRrIge Bpéeehdl J¥y Wit h

expl osives, which in turn cause blasting. I aadition, t he ttern to
be crushed BeedetRmmined t¢rPiMmveRei SRTEEA At rr??‘l‘fglf et Fhcd 200 as to

be continuous 20 along the line L, or the design excavati o i f the
portion tHHEEExcARR eFUTFRES COTt i Hﬁougx??‘éagtescﬁrigz:e lc(:jtaen ?%%ucr}gre%he

transfer of vibration and i t > I i i Unli k
the r of stF e 2R oI See ag T8 R Eh oo dhrtza) BRBLL 000 o onl

the front sidep t Jegpest 5o the did eebimsy i fs¥l Chhthevatturneleti s
excavated is ‘opened ahd the upside, downside, |left side, right side and

the rear sidgq@ng ddsedebynivhatadhacent bockobase, ushagi mrenexisticarries
out blasting in the state in which only the downside and rear side are
cl osed byjunt®, cdjlacentlr eeldibase, buhenhe plurality of robot arms 600
is mounted, the robot arms 600 can be operated so that some of
15 the robot arms 600 form the free surface and the other robot
arms 600 form the charge holes.
Afterwards, the tunnel excavation 1s carried out by
blasting the surface to be excavated 10.
The sequence of the blasting is as follows: Some of the
20 explosives which are adjacent to the free surface 20 are
blasted first, and the blasting is sequentially directed toward
the center and the bottom of the tunnel. Specifically, the
blasting is started at the portions that are adjacent to the

front side, the left and right free surfaces and the upper free

25 surface, and then the charges in the rock base which are inside
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5 front side, the upside, the left side and the right side are opened.
*Accordingly, since the free surface 20 is increased, the amount of a charge
that is required is mnimzed. This consequently reduces inpact, vibration
and noise that are transferred, thereby enabling a nore safe and
environnmental - 10 friendly blasting process. I n addi tion, when the
expl osi ves charged in the charge hole 30 are blasted, vibration, noise and
destructive force that occur spread in all directions through the rock base
10 to be excavated, which acts as a medium However, the vibration, 15

noi se and destructive force are deflected or reflected toward the rock base
10 fromaround the free surface 20 because of the difference between nedi a
(i .e. thendock btbe dmttemy)of Thhe itwnned sepruedighdYpraXmdioffe i nifthi ch

sound generated inside water is efficiently transferred inside the water
but is neddrEaPE | §1D6St H&'Cai FRYHES Belehe aRAL e‘}e.neraﬁy c%ﬁ%’@%ue%?l?, t he
free surface 20 effectively bl ocks and reduc Lpratjio ise that
are genepgpga ﬁ?ngﬁEgefﬁp8s@gﬁ? £8 3", P#n§$héggg%%§%d£gr??Q?ﬂe%ﬁk

destr uct ldguLRF 81 OBNELALRM LG 23 QIRLOSEABLLSProRAGALAY 1Al

di rections "along the roc ase, thereby causing a great amount of loss. In
contrast .+ ACCRREHAY 1ho at R rirevpshd Dy dherdesidleat | ViRod afscendle, defalrect ed by
the free surface™20 and is directed inward again (see FIG 9).

Consequerdfl ythd hésplan vdestttoy tdwee rpokithiased cowrmosay ateeld abenti fg a
smal | amount of destructive force, thereby reducing the anount of

expl osi vesher efpainted. left, RAsglsthoamdi BPFEG. frge #Ysitecal inortédrneharg€ hol es
30 having a predeterm ned depth _are fornmed at e%ua di stances in _the

surface (@péodadf déasto BEdeE®IeEEAN16Y iIRIGETLALLY r 68T18°SuPHhCcEé™20, and
expl osives are charged in the arge, holes 30. . The . char g l.es 30
can be fdifedieFdgdtFermdler ]%g{anagg%?%f%%tatr}g tife SPRVERT | M, g%r %el%f or ned
usi ng . an existing junbo drill . | ddi tion e | wr.al i f t arns
600 ié&m’%‘ﬁ &G0 ¢ hel'F oSSt Tar 95 6 eacgﬂlrﬁ3 S ggﬁga&e%tgo%taﬁatﬁ%%ﬁe %&%5 t he

robot ar i, 8085080 NEol kEE SbaCRuanibel N OLSTodeRb 01 RS GMkcgrm the

charge holes. terwards, the tunnel excavation is carried out by

bl asti ng géa%cgﬁ?fgﬁg dp e efcaMat@sk.10. The sequence of the blasting is as
foll ows: Some of the 20 expl osives which are adjacent to the free surface

20 are bl ast edidrierisbftand 4 hdethlideti dgscsisetprentiildl by divertlezilavowdrd t he
center and the bottomof the tunnel. Specifically, the blasting is started
at the pan i excavafdonarsysf@acesiing o2 t WatfFoietsidareordipgl & afhSTght
free surfaces and the upper free 25 surface, and then the charges in the.
rock Basemgeddmernteot ndigdnvention. -

Referring to FIG. 11 and FIG. 12, a water jet 'system
includes a frame 710, a moving means 720, a water Jjet ndzile
730 and a control device 740.

More specifically, the frame 710 is disposed in front of

20 the surface to be excavated 10. As shown in the figure, the
frame 710 has the shape of an arch similar to the cross-
sectional shape of the tunnel, and can move in the direction in
which the tunnel is excavated. A rail 750 is provided in the
frame 710. The moving means 720 is movably meshed to the rail

25 750. The moving means 720 reciprocates along the rail 750

28



and in the bottomof the tunnel sequentially explode.ln addition, since the
‘charge holes are generally. formed to.a depth ranging from2 mto 3 m it is
possible to carry out seguential blasting instead of simultaneously
exploding all of 5 the charge in a correspondi ng charge hole. For exanple,
part of the explosives that are positioned outernost (adjacent to the
front, left, right and upper free surface portions) are exploded first, and
explosion is sequentially carried out in the inward direction. Wen the
blasting is carried out in this 10 fashion, the part of the rock base that
has nore areas corresponding to the free surface is exploded first, thereby
reduci ng the anmount of charges. Hereinafter, a detailed descrlptlon
wi || be girdem bekowontrah @&ddvaﬂmmﬁr§}sﬁéﬁigglﬁ@oa Bt rMGVENga BEGFEi ng t o
anot her 15 enbodi nent of the invention. Referring to FIG &i and FI G
12, a wat/@? jB2Y syovem tl ddesea Fi0amBsing, "ReRdyi i nBan@ i ldahat er
jet nozzl e 730 and, a control _device 740. Mre specifically, the frame 710

i s di spodBdPHEs PRI d262he surface to be excavated 10. As shown in the
figure, the frame 7b Oecr%aq'lk‘ﬁQe t%%a oxﬂf rglgsr}neaarn%h ﬁdn_igr 50 E)Qéa' is the

Cross-sectiona shaﬁb of tunne can nove int |rect|on I n which

the tunngl,des ;é%a\fﬁatz%(ie A30ai | TIRO ik opdtdeghiA e thof ret 310 ghhe
novi ng neans 720 is novably nmeshed to the rail 25 750. The novi ng nmeans 720

reci prociregsakengatde taidhe’Feontndede the wantsnifact tbebeontamniateevi ce
740. The noving neans 720 may nove the frame 710 using wheels or a

cat er pi | 1. wiThkobtgbhspressure waickr Thesatplecd tyae whteosupRg yne@ds 720 i s
to nove is the 5 water jet nozzle 730. The water jet nozzle 730 ejects

hi gh- pr es€ate whoer) ¢ o tﬁ%@c\or@hmsufdze &ihet hémé‘éﬁ“%]é&b t §UbEaeK cdvat &8

The hi gh-pressure water is supplied b wat

t t
Accordlngﬂﬁ@VﬁﬁédlﬁQeﬁ§|8ﬁ0k§HrﬁQEecf S%%jeﬁggviﬁg 'ﬁ%$;35$%%§5%¥0mn)
fr;;sggéjﬁstgﬁe de%g?’ﬁtég 5 ec%%dﬁ Jomz0 Lhe water, | eEe”QE&éet%%gchae@“ igbrasive

rease the perfornance asive is

particl es, of, sqnd cqcrle'age' ke lpa@g ﬁé@pll@getgbwm@tfg hgttinazzl e 730

by an abrasi ve supply unit Consequently, the water jet nozzle

730 ej ectse thaaderend 1ihe aé}fcﬁsié/esugy}_zﬂllfé@ o i theaceelear atead riyz Alke
water, in the direction toward the surface to be excavated 10. The control

device 74Bray afj ubrakheepsessly et t rotwethewng]. ecCedseduangly,t Hdenat er
jet nozzle 730 and the anount of the abrasive required. Since the water jet
nozzl e 73@tiexr fietedazaland3§uppertedtba waterpe#NAgtheapsragiveao which

reciprocates along the rail 750. ,
15 1s accelerated by the water, in the direction toward the

surface to be excavated 10. The control device 740 can adjust

the pressure of the water ejected through the water Jjet nozzle

730 and the amount of the abrasive required. Since the water

jet nozzle 730 is fixed to.and supported on the moving means
20 720, it reciprocates along the rail 750.

Here, the moving means 720 includes the rail 750, which
includes a first rail 752 which enables the frame 710 to move
back énd forth and a second rail 754 which enables the water
jet nozzle 730 to move.

25 The first rail 752 is provided to enable forward and
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Here, the noving nmeans 720 includes the rail 750, which includes a first
‘rail* 752 which enables the frane 710 to nove back-and forth and a:second
rail 754 which enables the water jet nozzle 730 to nove. 25The first rai
752 is provided to enable forward and backward novenent of the frane 710,
and the second rail is positioned on the franme 710 such that the water jet
nozzl e 730 can nove along the second rail. The water jet nozzle 730 is
nmount ed on the noving neans 720 such that it can reciprocate on 5 the
second nozzle 754. In addition, it can also be configured such that the
water jet nozzle 730 is nounted on the robot arm which was descri bed
above, and the robot armis nmounted on the frang 710, such that, the robot
t

arm can ROFEVWAréngovRBERt arE. WehcErimR Waber 2 ZF%° hatesidl ong
the frame 710, 10 its venent draws a ch-shaped trace which_r nbl es
t he shap@OSFtFﬂ%eqr%mégafbﬂ§@5U§&®If?cgn%é?ghggﬁgﬁ%Eﬁ%rléi SUT ggegég havi ng

a predeterm ned depth i or, rouynd th u Q. b v d;10. The
free surfggenfgeigﬁfﬂ?eiggsgg%gggwggggfhe%?érkggggtégﬁe%ggggga?gg i% and

the ground suchiass tdhiasqt hears shapsudhathasuntospdsrébpmissiacent o be
excavat ed 10. Here, the water jet nozzle 730 can nove using the

noVvi NG MeaRrs sé2dndandzalpl 164l i tih ofdditdonat et fet abzallee caonfiguerg| oyed.
The water jet nozzle 730 can include a neasurenent sensor 732 at one side

t her eof , salehchhatashe esmtdre jetit ndepid. 720 19 moaddietdi on, theherdhwmit BgM, devi ce
740 controls the noving speed of the noving neans 720 and the pressure and
di r ect i owhdfcht Waswdeser Hyast takpvier o Rnch Ehgaf@pot et ok Ieeurded [8r Ehean
auxiliary material, such as the abrasive, can be mxed wth_the water

ej ected firamer REOnatesh tatnbbs| EPblp 3 SRREFOYD 9NN EPEalE e
efficiency of gxcavation. . A descri-pti i iV t process
of formng t heswge%bﬁr e Zi’)eftjsri]%zgz(?'teheh\%afn g?ejg\ﬁe%i?g{t%&n? e%a?gset 7I1£6 he frane
710 i d XC j 0. PAStL n hE rai he
Aftera%?gﬁgi:é?%ﬁ%%?dﬁMﬁ%ii%% %%ShdggzgﬁfnggsgﬁemgégésJ%EE3%5§Stﬁe wat er

jet nozzlg4£30 ot k&ﬁegﬁ\fbﬂg. SpPeBAs&fudriia yJ0\unNG reéhaBBaged sruk tdig-faweunt of

t he abrasive required. Since the water jet nozzle 730 noves along the

frame 71Q0 iHavimgvenpnédelicantinaen dephh shapisnteadaaeouhdchhe esenizces tohe
shape of the franme. Consequently, the arch-shaped free surface 10 20 havi ng
a predet éreniexedvdepd hl®s fHranddear sunfache?® urs dederpobed etiasedne0. The
free surface 20 is interposed between the surface to be excavated 10 and
the grourfhrfgcrase, bangxaasatamk hape s 9Eerrduibsiate Qg 88 6be

excavat ed _10. en the proce of form he free surface 20 is 15
conpl & eFhaPRFe ThBY | ﬁﬁrﬁfg’é’rﬁ’s? %Eenﬁ%’gacbeac%% %Foﬁﬁc?‘ﬁ%t%{ r@t‘ rail 752 fromthe

face to b d. 10, Af “a.pl nral .
rurtace, {0, b @IGRALA A0c. ALsr Rt ey Rl AL oz GlaTaR ol

bl asti ng.., Duri ngpd he plhasting, hliast ifg ¥hbr atheen (Jtbrabione eBeRgYe s
generate§€%§%rcnn%hg souréggg% éngosion. The freéﬂiurface 20 deflects the
bl asti ng aidiation, Theerghbyreftechiovely peeveshi ngchide edunéagatdment

propagation of the blasting vibration to the surroundings including the
ground swdmoe. 732 at one side thereof, which measures the cut depth.

20 In addition, the control device 740 controls the moving
speed of the moving means 720 and the pressure and direction of
the water ejected from the water Jjet nozzle 730. Here, an
auxiliary material, such as the abrasive, can be mixed with the

water ejected from the water Jjet nozzle 730 in order to

25 1increase the efficiency of excavation.
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In addition, the majority of the blasting vibration 25 deflected fromthe
"*free surface 20 acts again as energy required for the blasting. Therefore,
t he amount of explosives required for the blasting can be reduced than the
case without the free surface 20. In addition, the possibility of overbreak
after the blasting can be significantly reduced. This neans 5 that
subsequent processing after the blasting is unnecessary, leading to the
reduced construction cost and shortened construction period. Exanples
10FIG 13 to FIG 20 are the results of sinulation for reducing blasting
vibration by formng a free surface. FIG 13 is a view showng 3D finite

el enent anal ysis nodel, and represents the positions of contour holes 40
and st oppi ng” Roldescabptigr|vGll by giyen of shesPrefeiedhlamiplesttir es

depending on the tinme, in which (a) represents the blast pressure_at the
stopping%HS?esﬁéfaﬁﬁdQQb¥5+%%rE@%n%§t? ej?ﬁeﬁﬁsﬁﬁpbssJﬁ s&? %§§ &&ATGur hol e

40. Here, .th h ' ditl . . .G
c abonpl TRBSCUT CinarioRg o580 MrEnere apdrthe, s BT PR

i ncl ude de aving a i ne éxpl osi ve,

and the Gharelngacondhdi 00s: Al i, SIOPPINGIOR #8630, 180R.rELG.rd3be

i ncl udi ng chargi ng enul sion expl osives having a dianeter of 32 mm The
di fferenegel atbe bkashopirsSIEKg helervihbe speeppdNotimlms i3y ardnthe
contour holes 40 is not significant. Blast vibration 25 is not greatly
i nf | uenceggobyndhetideimantnet the amrdsiwe mhehesred.

Since the water jet nozzle 730 moves along the frame 710,
its movement draws an arch-shaped trace which resembles the
shape of the frame. Consequently, the arch-shaped free surface

10 20 having a predetermined depth is formed around the surface to
be excavated 10. The free surface 20 is interposed between the
surface to be excavated 10 and the ground surface, and has the
shape that surrounds the surface to be excavated 10.

When the process of forming the free surface 20 1is

15 completed, the moving means is moved back along the first rail
752 from the surface to be excavated 10. Afterwérds;  a
plurality of charge holes is formed in the surface to be
excavated 10, followed by charging and blasting. 5uring the
blasting, blasting vibration (vibration energy) 1is generated

20 from the source of explosion. The free surface 20 deflects the
blasting vibration, thereby effectively preventing or reducing
the propagation of the blasting vibration to the surroundings
including the ground surface.

In addition, the majority of the blasting vibration

25 deflected from the free surface 20 acts again as energy
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40 are bl ast ed. FIG 15 is a view of sinulated synthetic displacenents
*of t’he contour hole 40 and the stopping hole 30 in XYZ directions, FIG .16
is a view showi ng horizontal displacenments of the 5 contour hole 40 and the
stopping hole 30, and FIG 17 is a view of sinulated displacenents in the
vertical direction. In these figures, (a) represents the case where the
contour holes 40 and the stopping holes 30 are exploded wi thout form ng the
free surface 20, (b) represents the case where the contour holes 40 10 and
the stopping holes 30 are exploded after formng the free surface 20, and
(c) represents the case where only the stopping holes 30 are expl oded after
formng the free surface 20. As shown in FIG 15 to FIG 17, the bl ast

pr essur e resupoed pfapage dd assinge sTrewrFRliang tHeoaRauRlrefa’Xr19iSa¥est he
free 15 surface 20 is forned. In addition, the differ%%%e in th% bl ast
pressur e 166RERR {9y BhRI RE3SHIOgn GRS PEnitEAESRE . tiFis this §35S WATER S howi ng
variations in vertical digsplacenents, dependi ng on.the.ti t ption 1
m above t EGﬁ‘Foﬁ‘rlr fﬁ)cree 2}8. Ic-Ilélr 8?%5%%‘9% trdrhedi coés’tsé‘élgh%;?fca VSa %%g t hat

20 repre%&ﬂ%rt %g!%ﬁ%%&&ﬁ?ckﬁntQ§aVgﬁéﬂi ladi- 3D 380G, Of TRiEYRGak bl ast

cross-section, n ates numerilcal - values that represent the

vari at§ onHaR th@swghth€abrdbepd Bheneite0f tige bbagit HiPSEs seeiddussahen the
free surface 20 was forned, and se C indicates nunerical val ues that

repr esentidadényar icat i @he25 rdegutbe vebhstahctispl aosrtentaraf asshurasned
cross-section when the blasting was carried out using only the stopping
hol es 30 asnisheutt tampateodng t he cont our holes 40. Blast vibration is not
greatly influenced by whether or not the contour holes 40 are present. This
consequently |l eads to the reduced nunber of 5 holes and the reduced anount
of charges, thereby achieving the effect of the reduced construction cost.
FIG 19 and Fﬁééﬂﬁégére vi ews showi ng variations in the vertical

0 SELTGETe S 2 PRSL bolt Al e DRLBLLEEE dbRiLIS oo,
B B P e
poi nt. I naddityos, tdhewang vab tiimitef eilbmeht oransAyessal sedéncr easles t he
further the blast point is distanced fromthe top of the tunnel (see
represents the positions of contour holes 40 and stopping holes
30.
15 FIG. 14 is a view of simulated blast pressures depending..
on the time, in which (a) repreSénts thé biaét pressufé at fhé.
stopping hole 30, and (b) represents the blast pressure at the
contour hole 40. Here, the charging cdhditions of the contour
holes (40, see FIG. 13) include decoupling Gurit having a
20 diameter of 17 mm, a fine explosive, and the charging
conditions of the stopping holes (30, see FIG. 13) including
charging emulsion explosives having a diameter of 32 mm. The
difference in the blast pressure between the stopping holes 30

and the contour holes 40 is'not significant. Blast vibration

25 is not greatly influenced by whether or not the contour holes
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15FI G 19). FIG 20 is a graph of sinulated vertical variations at a
“ground surface above.the tunnel blast point (a position di-stanced 20 mfrom .
t he bl ast point), depending on whether the free surface is present and on
the depth of the free surface. 20 Referring to FIG 20, it can be

appreci ated that blast vibration is decreased as the depth of the free
surface 20 increases. In the case where the free surface 20 is absent, the
maxi mum vertical displacenment of the ground surface (the ground 25 surface
di stanced 20 mfromthe blast point) is about 0.07 (see FIG 20).However,
when the free surface 20 is fornmed, the maxi mumvertical displacenent is
decreased nore than the case where the free surface 20 is not forned. In
addi ti on40asrehelakymch of the free surface 20 is increased, the size of the

5 maxi num vertical di spl acenent {hat he.
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si mul ati g Todgl ad for Merti gal, QIS Pharesmts, hisyitcdhdnest Somereaecarried

out by chargi ng "Contour hol es” and "Stopping holes” as in the follow ng
t abl e and.oexBlLEdhHDe t4® d1 ese Fabbpig Guwipardtsoandf FTGNpPLherd s ofieghar ge

St oppi ng hol e Contour hol e _

of simulated displacements in the vertical direction. In these
figures, (a) represents the case where the contour holés 40 and
the stopping holes 30 are exploded without forming the free
surface 20, (b) represents the case where the contour holes 40

10 and the stopping holes 30 are exploded after forming the free
surface 20, and (c) represents the case where only the stopping
holes 30 are exploded after forming the free surface 20. As
shown in FIG. 15 to FIG. 17, the blast pressure 1is not
propagated to the surrounding ground surface, since the free

15 surface 20 is formed. 1In addition,.the difference in the blast
pressufe.between (b) and (c) 1is not significant;.: .

FIG. 18 is a view showing variations in vertical
displacéments depending on the time at a position 1 m above the
contour hole 40. Here, Case A indicates numerical values that

20 represent the variation in the vertical displacement of a
typical blast cross-section, Case B indicates numerical values
that represent thé variation in the vertical displacement of a
blast cross-section when the free surface 20 was formed, and

Case C indicates numerical values that represent the variation

25 in the vertical displacement of a blast cross-section when the
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Properties Enulsion Gurit Density (g/cnB) 1.2 1.0 Detonation velocity

“(ft/*sec) 16404 13123 .Di aneter

is the.case where blasting was carried out by formng 1 row of line 20
drill holes without the free surface, and "c" is the case where

10

15

20

25

blasfing was carried out using only the stopping holes 30
without considering the contour holes 40. Blast vibration is.
not greatly influénced by whether or not the contour holes 40
are present. This consequently leads to the reduced number of
holes and the reduced amount of charges, thereby achieving the
effect of the reduced construction cost.

FIG. 19 and FIG. 20 are views showing wvariations in the
vertical displacements at a position above a blast point. Here,
the size of the blast vibration decreases the further the blast
point is distanced from the top of the tunnel (see FIG. 19).
It can be appreciated that the vibration amplitude is decreased
the further it is distanced from the blast point. In addition,
the arrival time of vibration waves also increases the further
the blast point is distanced from the top of the tunnel (see
FIG. 19).

FIG. 20.is a graph of simulated Verticél Qafiafiéﬂé.atié
ground surface above the tunnel blast point (a position
distanced 20 m from the blast point), depending on whethér the
free surface is present and on the depth of the free surface.
Referring to FIG. 20, it can be appreciated that blast
vibration 1is decreased as the depth of the free surféce 20
increases.

In the case where the free surface 20 is absent, the
maximum vertical displacement of the ground surface (the ground

surface distanced 20 m from the blast point) is about 0.07 (see

34
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bl asting was carried out by formng two rows of line drill holes w thout

*the free surface. FI.G 23 shows neasurenents of vertical -
di spl acenents that are caused by bl asting. Al though no significant
di fferences 5 occurred between the case where the line drill holes were

formed and the case of typical tunnel blasting, it is appreciated that

al nost no vertical displacenent occurred at the top when the free surface
was formed. FIG 24 shows neasurenents of maxi mum vertical displacenents.
When the free surface was fornmed, the maxi num di spl acenent was neasured to
be about 0.6. It is generally known that a damage zone is fornmed when a
maxi mum di spl acenent of 0.7 or greater occurs. Therefore, it can be
appr eci atf86.t 1240 bl aBewevar.atwhen chlre 16Tpe 6uFERES vély iedirad®@dnhdRet he
free surface is formed according to the inventio h sone

. : Al t houg
exenpl ar YEAHE8i YeRESCRE EhePHR t Pﬁ%eQﬁ??ﬁ?sﬁ§v§D5§e$hﬁgsc Cbed Wi t h
reference . to the drawings for illustratjiv ose X kil ledy.n the
art to mﬁf5ﬁ626 hgrﬁfeggﬁ%a?%v%#tf%né?glg %@géﬁ| fﬁéﬁ%ggéﬁéﬁg tsa%hsarious
modi 1 | caldnn and VALT aLLONS, EE.P0SY DI £ subidiuda dapl LLnge T pemitae scope
and spirit-of the rnvention as disclosed in the acconpanying cl ai ns.

[ 1 ndus§ riglkiABRl veabitit Ydisphithempheserit i uants on itheappbinsdbder flawet unnel
excavation based on explosive blasting.ln particular, it is expected that
the i nvendtdoaR itsehtghhyl anpldreaikbe1tyodeonsdsattt | Gineaf theblnes ubwafpseand
underground facilities for which high [evel reduction in the blast

vi brati or20 shaeiquy reddepeivapHr 4 Ref ersenzep Naver dihe offfigss mawre@singoo:
moving unit 200: articul ated robot arm 300: water jet nozzle 310: quth
sensor paﬁﬂK§@390:lﬁj@@%H@@h§@% par pore compared to the case where the

free surface 20 is not applied.

10 FIG. 22 is simulation modeling for vertical displacements,
in which tests were carried out by charging “Contour holes” and

“Stopping holes” as in the following table and exploding the

holes.
15 Table 5
Comparison of components Stopping hole Contour_hole
of charge
Properties Emulsion Gurit
Density (g/cm®) 1.2 1.0
Detonation velocity 16404 13123
(ft/sec)
Diameter (mm) 32 17

“a” is the case where the holes are formed in the free
surface, at a width of 10 cm and a depth of 1 m, “b” is the
case where blasting was carried out by forming 1 row of line

20 drill holes without the free surface, and “c” is the case where
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400: supply unit 500: control unit 600: water jet device L: line 15710:
‘framme 720: noving nmeans 730: water jet nozzle 732: neasuring sensor 740:
control device 20750: rail 752: first rail 754: second rail [ CLAI M5]
[Claim1l] An excavation system conprising: a noving unit novable over an
area that is to be blasted; 5an articul ated robot arm di sposed on the
noving unit; a water jet nozzle nounted on a | eading end of the robot

blasting was carried out by forming two rows of line drill
holes without the free surface.

FIG. 23 shows measurements of vertical displacements that

are caused by blasting. Although no significant differences

5 occurred between the case where the 1line drill holes were

formed and the case of typical tunnel blasting, it 1is

appreciated that almost no vertical displacement occurred at

the top when the free surface was formed.

FIG. 24 shows measurements of maximum vertical
10 displacements. When the free surface was formed, the maximum
displacement was measured to be about 0.6. It is generally

known that a damage zone is formed when a maximum displacement
of 0.7 or greater occurs.
Therefore, it can be appreciated that blast vibration cah
15 be effectively reduced when the free surface is formgd
achrding to.fhe iﬁvention. - | o
Although some exemplary embodiments of the preéen£
invention have been described with reference to the drawings
for illustrative purposes, those skilled in the art to which
20 the present invention relates will appreciate that various
modifications and variations are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.
[Industrial Applicabilityl

25 The present invention is applicable to tunnel excavation
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arm a supply unit which supplies high pressure water to the water jet
*nozzl e; and 10a control unit which controls the noving unit, the robot arm
and the water jet nozzle. [Claim 2] The excavation system according to
claim1l1l, wherein the supply unit supplies an abrasive along with
hi gh-pressure water. 15[ Cl aim 31 The excavati on system according to claim
1, further conprising a |line recognizing neans for recogni zing a
predeterm ned color line which is pained on a surface to be excavated,
20wherein the control unit controls the robot armso as to follow the |ine
that is recognized by the line recognizing neans. [C aim4] The excavation
system according to claim3, wherein the 25 Iine conprises a pattern to be
crushed. based on explosive blasting. In particular, it 1s expected
that the invention is highly applicable to construction of
urban subways and underground facilities for which high level
reduction in the blast vibration is required.
5 <Major Reference Numerals of the Drawings>
100: moving unit
200: articulated robot arm
300: water jet nozzle
310: depth sensor part
10 320: width sensor part
400+ supply unit
500: control unit
600: water Jjet device
L: line
15 710: frame
720: moving means
730: water jet nozzle
732: measuring sensor
740: control device
20 750: rail
752: first rail

754: second rail
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[Claim5] The excavation systemaccording to claim1l1l, wherein the pattern
*to be crushed of the surface to be excavated that is - forned by the
water jet nozzle conprises an arch-shaped pattern. 5[ C aim61 The
excavation system according to claim5, wherein the pattern to be crushed
basically conprises the arch-shaped pattern to which a zigzag pattern is
conbined. [Caim7] 10The excavation system according to claim1, wherein
the water jet nozzle conprises a depth sensor part which neasures a depth
of the free surface that is crushed by the high-pressure water, and

the control unit controls the robot armand the supply 15 unit based on the
depth that is crushed. [Claim8] The excavation system according to claim
7, wherein thelomamds) et nozzle conprises a width sensor part which
measures a width of the free surface that is crushed by the 20

hi gh- pressure lataim Tdhd the control unit controls the robot arm and

the supply unit based on the w dth thatsi' s_crushed. [C aim 9] The
excavat i on sydPefrgetarthithg¥SE® SPTR 7-SWkrei n the 25 depth sensor part is

based on a la%ﬁ%bﬁikgjﬁﬁfnggvable over an area that is to be blasted;
5 an articulated robot arm disposed on the moving unit;
a water jet nozzle mounted on a leading end of the robot
arm;
a supply unit which supplies high pressure water to the
water jet nozzle; and
10 a control unit which controls the moving unit, the robot
arm and the water jet nozzle.

[claim 2]

The excévation system according to_claim 1, wherein the
supply unit supplies an abrasive along with high-pressure water.
15 [Claim 3] | | : | _
.The .excavation system ac¢ording to claiml.lf further
comprising a line recognizing means for recognizing a
predetermined color line which is pained on a surface to be
excavated,
20 wherein the control unit controls the robot arm so as to
follow the line that is recognized by the line recognizing
means.

[claim 4]

The excavation system according to claim 3, wherein the

25 line comprises a pattern to be crushed.
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The excavation systemaccording to claim@8, wherein the width sensor part
"is Based on a laser. (Caim1ll] 5The excavati-on system according to clarm
1, wherein the water jet nozzle is stretchably nmounted on a plurality of
the robot arnms such that the water jet nozzle crushes a surface to be
excavated. [C aim 12] 10An excavati on system conpri si ng: an
arch-shaped frane which is novabl e back and forth with respect to an area
to be blasted for tunnel excavation; a noving neans novably meshed with the
arch-shaped franme; a water jet nozzle which is fixed to and supported on
the 15 noving nmeans, and ejects high-pressure water to the area to be

bl ast ed; and a control unit which controls the noving neans and the
wat er jet nozz(@laIMJiilﬂ 13] 20The excavation system according to claim 12,

brch- shaped | Rife EaraEaPLapyscer oeSeqiif Lo i Mot () eRERF SheaPaI ng
; Te. ] . h-sy according to
o) SopREEE Bt B, SRS ERGS et B bt Sl 05 Tl
a second d@fbg Bl ChheNARISS Shen¥at 8¢ t&hp %Al @nt QrBRVShaddd Yabrdsh.

5 [Claim 6]

The excavation system according to claim 5, wherein the
pattern to be crushed basically comprises the arch-shaped
pattern to which a zigzag pattern is combined.

[claim 7]
10 The excavation system according to claim 1, wherein

the water jet nozzle comprises a depth sensor part which
measures a depth of the free surface that is crushed by the
high-pressure water, and

the control unit controls the robot arm and the supply

15 unit based on the depth that is crushed.
(Claim 81 |

The excavation system according to claim 7, wherein

the water jet nozzle comprises a width sensor part which
measures a width of the free surface that is crushed by-the

20 high-pressure water, and

the control unit controls the robot arm and the supply

unit based on the width that is crushed.
[Claim 9]
The excavation system according to claim 7, wherein the

25 depth sensor part is based on a laser.

39



An excavation nmethod conprising a first process of formng 5 a free surface
"having a predeterm ned depth in a surface to be excavated using a water

jet. [Caim16] The excavation nethod according to claim15,
further conprising a second process of formng charge holes in an area 10
inside the free surface using the water jet. [C aim 17] The

excavation nethod according to claim 16, further conprising a third process

g; charging the charge holes with explosives and bl asting the expl osives.

[Claim 10]

The excavation system according to claim 8, wherein the
width sensor part is based on a laser.

[Claim 11]

5 The excavation system according to claim 1, wherein the
water jet nozzle is stretchably mounted on a plurality of the
robot arms such that the water jet nozzle crushes a surface to
be excavated.

[Claim 12}
10 An excavation system comprising:
an arch-shaped frame which is movable back and forth with
respect to an area to be blasted for tunnel excavation;
a moving means movably meshed with the arch-shaped frame;
a water jet nozzle which is fixed to and supported on the
15 moving means, and ejects high—pressure water to the area to be
biéstéd; and | S
a control unit which controls the moving means and the
water jet nozzle.
[Claim 13]

20 The excavation system according to claim 12, wherein the
moving means is meshed with a rail which is provided on the
arch-shaped frame.

[Claim 14]
The excavation system according to claim 13, wherein the

25 moving means includes the rail, wherein the rail comprises a
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first rail which enables the frame to move back and forth and a
second rail which enables the water jet nozzle to move.
[claim 15]

An excavation method comprising a first process of forming
a free surface having a predetermined depth in a surface to be
excavated using a water jet.

[Claim 16]

The excavation method according to claim 15, further
comprising a second process of forming charge holes in an area
inside the free surface using the water jet. |

[Claim 17]

The excavation method according to claim 16, further

comprising a third process of charging the charge holes with

explosives and blasting the explosives.
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