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< SUMMARY )

Purpose & . . . .
P Development of Rock Reaming Technology for Micro—tunnelling (under 1 m dioameter tunnel)
Contents
O Development of new trenchless Technology using cluster—-hammer Rock Reaming machine
- Development of Optimization design technique for rock reaming machine
- Development of Manufacturing and operating technology
- Validation of operating technique through in-situ tunneling tests
Results . .
@) Quantitative research outputs
- Patent application: 3
- Software: 2
- Development prototype: 2
- In-situ tunneling test: 2
- Deveoloped new tunneling technology will show high performance in micro-tunneling field
Expected - The new technology will be advertised to construction company and government for the

Contribution

high drilling performance and eco-friendly advantages

- Application of New Contruction Technology and increasing a market share using rock

reaming techology

Keywords

Trenchless Micro- . Rock
) Rock reaming Cluster hammer )
technology Tunnelling fragmentation
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Sample Rock |Specific| Porosity | Size of Specimen a‘::“;} o :“S';‘DE':::VE :.‘:;:?; Poisson's. Depth
Humber Type | Graviy | (%) D = L (mmj) | Ea Fae piemss Ratio {m)
8H -0 279 040 502 x 1227 5400 2980 160 B5 A 012 1
BH - 1 268 098 505 = 98.2 5280 2810 140 B0.1 D22 1
BH - 2 269 1.00 506 x 928 5270 2800 105 569 019 1
BH - 3 267 1.54 50.6 x 117.8 4580 2680 60 295 0.30 1
BH - 4 270 121 S0.6 x 107.5 4760 288 ea 47.6 0.23 1
ROCK MEGHANICS LABORATORY, DEPARTMENT OF ENERGY SYSTEMS ENGINEERING, SEOUL NATIONAL UNIVERSITY
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A 11, List of construction machincery uscd in ficld tost
Manufacture
Category Purpose
Capacity

Volvo, Doosan etc.
Excavator Ground flattening and etc. to conduct test easily
21 tons, 30 tons

. L Hanjin D&B
Horizontal Directional s . . . .
Drilline Ri Drilling pilot-hole and operating cluster-hammer reaming machine
& Rig 120 tons
Crane Kia, Hyundai Transportation and installation heavy machineries such as
5 tons cluster-hammer reaming machine

Ingersoll Rand, Atlas
Copco etc. Supply air pressure to percuss on DTH hammer in
900CFM cluster-hammer reaming machine

Air compressor

Own manufacturing To prevent getting twist extension rod with air hose which are

Swivel joint

0127 m connected behind of cluster-hammer reaming machine
Hanjin D&B

Extension rod Connection between HDD rig and reaming machine
@160 mm

Cluster-hammer Chang-Shin international

Rock drilling for tunnelling

reaming machine 0650mm
Hanjin D&B
Mud-Pump Flushing slurry during reaming process
1200 L/min
Chang-Shin international
DTH hammer bit Drilling for pilot-hole
6 inch
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UNIAXIAL COMPRESSION

TABLE OF TEST RESULT :

(7= o FA BlxE2|, 20659 (@t
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= 9 W

Depth

Poisson's

Ratio

0.38

033

D38

Young's

Modulus
(SPa)

BY

Compressive
Strength
(MPa}

3as

45

Wawe Velocity
{misac)

S wave

1540

1600

1680

F wawve

2530

2800

2

Size of Specimen

D x L {mm})

520 x 107.7

520 x 1082

52.3 x 990

38}

329

3.16

374

Specific| Porosity

Gravity

263

Rock
Type

" - Joint Exists

Sample

Mumber

ROCK MECHANICS LABORATORY, DEPARTMENT OF ENERGY SYSTEMS ENGINEERING, SEOUL NATIONAL UNIVERSITY
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Testing Performance of a Drill Bit

Chang-Heon Song', Min-Gi Cho, Jin-Young Park', Jae-Wook Lee, Myeong-Sik Jeong, Chang-Heon Song’, Ki-Beom Kwon', Min-Gi Cho!, Joo-Young O, Dae-Young Shin, me ing-Woo Cho'*

Boax

FEYWORDG: Coing, 4 14, o 0 Dot . Ot st gt 60

EERCIES, Rk o, Mo, e, Flaioy s, OF (Conpudaions P Oyman, R0 e S Mot

Thi el experimomiully waldbsted e Lab-reade rock dcwrey
o e perfirmance of il ot g ey of o il L Rl yaem wis dedpsd el mariacriesid. Libeg e
A wries of mudsphsse CFD (oommpuitstmal fukd dynamicnt smulstion wor crmad owt i arde 1 ouskite e desgn maly of testig vytom e drdiog; rks and spetfic ouryy of  com et dnl M1 aid reedy gopond A8 M1 with dfkeet Bt
Phushing device of rack reming mackive The SErOCMG code wean adogred for vimuiattng mck partcle dwharye o of ushing arangemct woe compural The mwl pryowd maled wan ksead i be ngurioe in drilg pefrmane fun tal of e
i dartug she roch s s, The tngut s o e flow iruion of ra & parscie weee ohiamed from a previind The i ki cundl b sk 0 peesics el s e gur iy chvob

irfoermesl ittt g 1o vt Afler three desipn facans (b of swask ploe o of caree of reish gk and S 0 e Al the s uss 13 B Bl St S s g wa icr<fe cond gupenistve skt fur fotive il e

kimenr o S chimmyd) e dtermunad 1he NPT e et Feporve ke mevsdidg 1 v st 10 Jas——
earmen optracm vk o sch ficsar
T e T T BTt T =TT
1. Intreduction [P, S ——
uttoms and drling comfitions Sough = gt 5t Al Keom et
NOMENCLATURE lxssiing [re— mound el ol® validmed the effect of debl be butiom smanpemnt oa drillng
o ainpiind by compiiion wisipaemit deiedopis live Diought  pirfimnhcs Uisagh s b g 4 g e 0 B
' P v of e st e %) gl rowih of . iy of coostrtive. nd minig mhisry, etk S worhed o clulning the srea dihetion o the bl
Ct,Ca Cot O Coelirensof usbubent Gsison e Conmquenly, the matet for sock drifmg machinry b abo  of the il it uring g, amd Framca’” resemsched om pesformancs
Gt D v Mot contimunsly grwing ' Dhiling wechioes th dril eget mek by ovaliaton of ey percumaive ssier and pysical lerachon benwest
Vil s g e deivering pemasive, foaing, and nxatag force 1o e dril bt tha il it and k. The trges pradcs of Frasea® s ITH (Down
RS A v, Pt b el o ¢ oflen ol for oy et gracnd s remfrcing 1ock cbekopen ol haamen b opermd by compert mx O e oter bnd,
B+ Pt et femce () 1) Al swlocity o purkclen £°) 1 ¥les m ¢l comration sk o Gt g s TH (T S il M gty
. Ui e o by farce (N) i vkl of a purtiche (m £*) . Yo 5 oot S D16 ALY e e . R
; ; avedgiel oo e sppikaNby o mmeicl smdsion for e wire mny moesnte ul worksd on ing
1 Conlty sidslamtten (47 Pt gt fthe usitie in) pifoiamon evibeation, o1 THM dbic ot by canpieg s puifimmun of fee 41 1. Hewever, waks e s ot of doii
A7 Vot kel g o) b Aol shon reuss @ e st el of Livcar coting mackine (LCM).  Fctis (L., ioternal fhing < e,y of B b4 e, e of e
e Patiches” s () Also Ch o al* wiekedcm examining the rock cuting effckency ofthe  4Hl1 Bt butons, und e huton wramgesnon) amd sulyss of deling
R of mae sl b e purticle (hg 87) Greek nomenclatare THM dic cums on grmbe i Kores wing DOV Hoimid and bt duis U1 conider e rock [roperes wem 5 o comen
1 Pooctine (P Pttt okl o memiag e speciic meary of e awgy e froe il it e we e bl 1o
Pt Abmslite premicns (P AR i i trander and porcumive Krce i betvawn e drd) wosl mnd dherock, mid vorndtiens of fhe il it st RIAA {revclmicn pus minuie, BIM
T i 0 i g g i pha #: Thitlerce dhaipation o () Chiarg sl Hins' proposad fine clement matvod (FEM) hr  {bow por miner. bn the previoss besimg 5 dem” e hamaner bi
[iarim————oy 2 Mol viscouity of e g ) s s snergy st maceacton busean e Bt id sk, mnd ruvkied parimin and fed fosco 15 B specimen 184, mosion]
1+ Postron of e puriche A Tiabukie viscny (g =) mk ouhing hecnemn which i wwfal o dovebpng ad ey were sdesbely wppbed by i o @ saten locsied
T B i 0 N ek P G evalting il mchines B ot Bt This sty pordd he o foms (porcusion, fsl,
A o resatrch worts <a drit i, S 1™ okad cn cptinlzing s mvlition) B e B % aace 15 mkinin e parionmace
HeTitmel) #-Tirichs dondty O™y Soneemal hing pah of char kil 8 vie CFD simmalaion, snd Kwor ot dosticion beowes she sesing: arstms wsd the Togp b G
©KSPE and Spvger 215 £) Springer NP md Sl N5 & Springer

Optimum Opcrating

[Lincar Porcussion Tost

of a dMulti-Hammer Drilling Maching \ssessod using a

TERATICNA A oL 1o W

e s s

0O MGy

G5 238 70 e S5 0T 0 )

Optimum Operating Conditions of a Multi-Hammer Drilling
Machine Assessed using a Linear Percussion Test

‘Sunghoon Ryu', Jung-Woo Che*, Jin-Young Park’, Jae-Wook Lee, Myeong-Sik Jeong’,

Chang-Heon Song?, Jung-Gyu Kinv, s« Jae~Joon Song'*

bty | Ghean s, S g

FEYVAIRES: Linear poeisccn sk Mt 6, T ety Mo oeling, Ot e canion

i iz i e nd 1 v exiiig cbstaeien (e, holldings, hurisd pipes rivers, and ceecss, Gible ol electriciy somaly
are constrintad maiy wikg Deshiess kchnoibgy, We hive devaloped o new metiod fr minrturetel excnaon using @ sk
bt drdlig merhire: aned elentfd the i dperating condns of the sysikm A lrear persion Estig sysem was
curstrcted 10 douine ek dhilling dats, The sty weny condheted wndkr vt ar prsscres i RPMs consistent widh feid
connditnes. Thres cdasves af'rich spesimens e s of sovrgth (e, hured, mechnon, cnd kgt mock) v tented The gt pevily
ekt e equtomiem perating condtiors of B mulbs himmer drilling mahine aending ek g

=

i for wderund. infrastatire &

a1 For axample, mmow.

NOMENCLATURE

Eo=taal sl i the air i
madhine (T

=t quency (Ha)

= padinl distance fecan the wéer of the wili-hammer dilling
machine 16 the ewner of the hamer {m)

5 = specific enensy (Mfn’)
lineat wssponation velacity of the spocknen (o)

ity mimls for prpes duct, and cshles have heconse invess naly
el Mot are consruckal undemesth urhin spuces. Tuncling b
pticularly teeded o the contunimiction s clicricity cahles requined
oy wilely expuning IFbaied senvis Such imsls pererally 0230 m
0 diameter and up (0 20 m dep, g ety panetnie ofiectively
T ———

To aveld tunmels e rcting with editing Eaciiizs and & mininize
wocial coss, weichleas mkan-tunaeliig has besn staadly dewskigsd in
et years 4 Sanl scale venchlen digging e enplay poe jacking,

4 = linear docky of the small-sxcale blssti kean-tnned bormy machi THM
o the eter T bl () Pipe acking involves iserting a pips into the il face snd Worken
vy = lincar transportation velosiy of

o the b st b (0]
¥y = biodusiem of cist ek {n)
o= gy veloclty (radls)

1. Introduction

The urbanirdion of indudries md population is expnding the

© KSPE and Springer 2015

digging out ek debis that b fraprnentad it e pipe. Themetiod o
sl mormally lnsid 0 wse insoil, & ds peveration of rk &
very dhvi, Bsting cai be spplisd b sy gromd conditioss (1. il
rock, and composite ground), bie the socompany ing ground Vibration
aad . disnipt people, T oftet
uhibied fn whan s Micio TAMs {abo calld semi-mchian o
shield TBMs. i1 Konsa) can be wsed in hoth sandy sal snd roek, but
uring in mek & pmenlly s Recently, 2 mult-bawmer dill
imachiie B ko ued fir miortnnelg, There ¢ wime 2udies o
e Nhing chomel el hition sransement of 5 dill W17

&) Springer

_78_




t}. AZEgo(S/H) 55 27

ST oshE Bit Designer vl okRlela 7] MAZTT Y v ]
A C-2015-011722 & \ \= |
A C-2015-027638 = .
[
| |

= =

[
i

ZR
CE]
253 BV Yas saau ediSy,, nsurowoono

4 WLy 2015400209
6 REAEY

6. FBALG Az : AN @ATH, F ¢ 2015.04.20
7. $RdNY 20154054 129

TAREY, Mssze] el o} Fo] FHEULE FEHUL

20154 058 13%

#2A%a9

s

-

o

=

bl

ES26H AL YEREA 4AZI2Y N L1
. A 9 4 3 3. 44 115122-0000210
e SR s aauine 8.
. FHAEY 2015408 2EY
. BEFEY
SR A%A  WFRARETH, HS 2005088
FRUNY  isdn€wd

TARAN, Asazo] et Hsh go) FRHALE TAYHS.

20154 14l 2390

_79_




i

2h. bl A el XA/ B Al

(1) okEtelT ] A E A4 U o8

(7h) dz1e] el 5 A TEE A A A S Fsl A4 900mm HET 712 AlAEe] H %
2 7

[ 12F Al 4788 shule]E7F 42,

$9144

_80_



3. elaz Bl AA

7h el He e

(1) AT AR Risk@elet TAAYEE LAY 5 9 Aus) w444 LS P
o omolee] T S o ekl 213k ] bystemE HY
27 Aadaa )l araja]sl F kel g|ead e (st olov g 2]F Mol oyl @ol8 )
Aol waisiel Adl oEl 4 ok AALY w7 Da
L}, Risk?] &
. ','E"jyl_
Risk 7hel Risk o
H Risk
ERER 44 Risk
719 Risk ST Ak Risk
Hlbl\ O 51 "
B3R 4 Risk
L3 e
'I:jl ] o Rlnl»(
Ri C | AhElAEL BAH Risk
11 GK L
Aol el 4 Risk
Ch. Risk o] et
i1 Risk Apdels]
7hy 2] 4 Rigk
A% Hobew Risk o5 75 Risk
- AdE =273 gcle] 2Alste] AMdHEA | - #HE BIPSE 25 d=4dE 5o
44 44 oy
- 25 24 =2 xeas - = 2] At ulE Al A]e] 7k
s B ol mhE Ay Trlad,. Awed Dol vz
R IV N Y [ A A R |
(Vb W4l Risk
RS e 714 Risk Bl Risk
A ek ol &7
_ :%'7]1](5 = I 1" = ]| _] ]_
A &2 A2z Aol =7l
- oAb 22} - ;
57 - : 2
e - AR, ek A A NS
=3 = N _' i
) - A7 AlEw 59 ~ At




isk 7F Projocte]] L]z deal

iTh

3
T 9
~F Ip o wm...
% | o mr il "
- x Gy
e | E =R : m__u
rn &0 1y o
9 w_ﬁﬂ = o B
G ] e
&I r_m N c_o = U] ~
o | N L= ST
l.O e 7_C ./.E \m_l 3 = N
10 BeA =l : i
B 22w L
S = o H,u = T <+
S| = ap or |
RO | = - . -l — — E_ﬁ_
<~ = — o _
Ho He 2 1@ b N T+ . B
S BTE E I :.,L ol ENS
oo e Loz T -
Ho ™ ~ He & nu_w 30 1k ult rh
N U]
| | I | I ~ K -
= = — 3
—_ (o) _— ™ ~ —_
< s e = o P
® DU T 0®
H@u % = " T w M\/ __oT
e = v T 3 oz .
s O /= [ - - —_— O:.
o _ 1 < O“_A,. ﬂ_l c P 1D|
e s e — -
< _]t JJJ N Zc T T o mn L_LV @ ]
T o % 3 WoTe X moac © n
3 = = ~ LT o !
— 1p AR 7\,‘. =) E i g al_ﬁ Ir
s SRR He 3o = R
R w_w_._._ — o~ oH ~ ~r ;.Mu_ Guﬂl = _” l..: m_ )
3 ol = — xaruu Mm = o N N - MI =P ./l_ _m._ « _.”_I
< B ow mox PL prelil * T - ~ ra o =
RN L e "oy ETaz TR gL
CER =T B BT N TR T Tt gr- g B
%l_ar o | ¥ — < 2 PR T T oW LT
~ W 5o - o o ~ T o 00 f < oo P o
DG Mo 5 gD oo wf 3 T S e 0 < Z - il
o o - —_ —_ _ - o ' '8 3 | P S - D
Y < = T o 1 —=a :
- oy Sy e e — = A o oA 4 B TS
T ol T B W A B =TS e
oo e N u»n w2 gy -~ Ubn niﬁ ﬁl 2 M _M_ ,)u_
@ T R L
- T jm]

_82_



A4 =

L

X°

=
e

Sl

-

e

i

] 4 (.J"j';:

] [) U"?ﬁﬁ

sl

i

140

6o0

100

650mm

gL
e
N]ex

<

™
RS
~r ../:.ﬂ
=y

71
e

e

L

p—
|

i

b2 7

4

=T

™

wr
10

o

mm;

110
120%
200+
100
1002~
100

] [) (‘)"?;‘Z
9 '-1 et

116.40%

13]
0 75
m hre
1.10
m hre
2 7K
1 7H
|
1 74

13|
1 78
1 70
1 71
1 70

0.8 mhr
1.0 mshr

= 3|
- 83 -

.’\] Z-”

A7)

=71 A

3

6




il

-
A

=
L

“H7l

s
x/r

X

. 2
s — — — = 2
p—
N
i =
m
K
£ o
Iy
13X — r:.
so | |
2 = -
¢ e - z
Mool g | X =
R~ wﬁ T
o | Al
4
%
| = r
o o) ,
_Ml_ i % 5O
—_ A ,
=) 3 = "
o - : ot
) 3
=<r o
30
—_

N

7 g

.
=r
7

<

“ZAbio gk

Haf 7R g4l

|-

L

il

'v :v

Z

ch

T Ho
- <

|

o_w_

Oz

Bl

BENES

—
==

23]

ofof AbE

[
LN
B
[

L 2] At

—_

—_
=

o

B

4| &

g,
o] &b A

=

b

Z.

shul

=

2¥)7]

A7l T}
= PN

A&7

.i\] ;45}

kel

(7h 2 AT E AtEhn

v g $E

A

Ape

ol
N

whaba] ©ha] 7]

I-.

pad

ol

)

Z

.

B8
ofo

—

ofol 4}

L
L

CIAE

e

- 84 -



SRR O

1.
L —

:

L
a

1-
2

Aol s

=
L

)

r

.

\
1
i

leadiness Level

Alel TRL{ Techno logy

[kl

A

~ oc s
]
Jo e w
= — = m
<" 3 — i '
. = M = \
EI =l o |
I_.OI L= m i @ ‘H "
z0 T * _ oW oH I T 5E |
i 5 o wo_ W R g T o W e |
i+ < Tlw owm KX ow @ o IOw Tm “
o I - I I L < i !
- D Bl m g H I N I K = b, - . .-h.
m_ % ‘ﬂ .m._ uq..-,ul. _A__u ..-MD o ﬁ.c .ﬁo M—___ Ro b T ¥ . .
" = TIOROROR oWl @l B OHD R
~C = W B OB T X ' R OK
= 7 o ~ W@ = o of M T @l
10 3 1) o I © o . : ot e .:...!...!.. 2
2 A -l = _ o - = 7 7 ! =
Ry 2 = ® [r 74 74 B &
~) —= (= = = = m mh G
- ; N
© 5 i sf B om &
g 2 : Ay
o = _ : 5§ WOl N
i+ = N ; L R
b = " OO0 Ol O 0dNmDo : 4/ A
= o) - E | .
o Q | H.w...r 1] w.
o L ; mn + m ﬂ_ & u
i . i3 "
= wy
™ ﬂ H - | N = w W L0 | &
o] LT —H =0 =H =11 =F =01l =H =1 =
_ = - = = = = = = = = =
3oy F | EF|F FE|EF F|F
oo " 3
o 3T _ |
: " : . S H — — — 1
4 @ aE = = Y T Y |
- + - T T i3 "
< ~ o W e B |
~ — o i U = TH H..._rﬁ ey ® |
= R S - = X do i
_ He ™ 2 0) ., < < = ~
& = = ~ < ~ < !
’ el ﬂ,.,.“ - N §
e ¥ " F 7
~ — —
—_ —_
- ~ .

o

[ HOM

Z 5
= 2

kol 7|

T

_85_



b, 7P TS 7S Hubs-elld Ve Abee] S d S vl 13 E gl whebd whab
71E iy A 4 glen £3 MuldeyHol ulsh & gab S 23 4T
AT ol B QST RUT A Eo| BAS| AL T HBLE T W] ul
Tol 714 Auels Fhel 4% 4 e

e A2 D2 A4 =2
RIBZA
elel7 Ejnka|
B A
RE .
k= 3 £
5 ¥
g —H
%
&
Ojez gy | +—|
- A2 ER|ZHIEE - A4 ERZHIEE| - Somi-Shicld Machinco] 2}
AHY ool A Cewerol d] 2 A 8 24
Toke] WIELo]|ZE L Toke] MR EE K| AE 2 ze]go 2ol
g ?IJOP‘ﬂ Locator4 Abo FlA Skl Locatord]  AlF 7]72] ’d‘-ﬂ*T'-UII &
Zof o8k w3 o} Zof 2gb gukadef ol 2E Z2RE Cutter Head
R i!’% o cb At A dE T2 R & FEAFITE A AE
o ExaAS St o Bade ASsh| =23
Pilet Holo2 3% Pilot Hole2 & - J—,"-—f—f’fl '?‘/i’“%'?:}g.:" o]
B |- ool nholel S AT - Deill Rige] PEAG o 4 8wz o
b K+2 HEH dTAXE ARE  §F dvbE I UE A o FIE dutsiEa] =
sto} AT wAdol W ol @& Lolmal H| 7| Fue] F7d4s
2f 22 o] &5 sjjulH| I35t= Rotary Crushing %8 ¢ 477 el
To] vhdd 2}t Drill Rigl o= nas0 &3 44 7 A7l 41& RE&Eshd
o HUUS oW A AFLT 7EHel AH W A HTE AAsE 2y
qot wHIT dEsts A4 QUEHIIAE o
ARG EN RS Eoto] Hapa Ha
e Hole & mit Pipe| 2y Holed WhTh Pipe
iP.FHE1E Pullingdlict iP.FHE1E Pullingdlc}
=47
(227))
2] - DI0Omm, 1.=100m7] = - DI00mm, 1.=100m7] & - DA00mm, 1.=100m 7]
X
S| AAsE A SR LY E R LY
217 - P e
1< 34 42 97 4R 1340 42

AlZ2n ) X - 7345kl m

) !]] . ] - 2458kl - 4005kl L',_, L =

(A1) ) (AT 7had B s

1) HE HAH] WHEAM SZx

_86_



L.

AL

o)

A ul ) Sl

=

E

1

1

=

rir

~

ol

v

=
B
-
<O
N

©
=r

e

il

Gl

AA7NA 4

ef.

=}
&

_;\] .:%I-

Al

E SIPEIEY

zo| of 4.

=
h=

* Reaming

= Pulling

reaming machine

technoleogy with cluster hammer

Procedure of new

_87_



2. e 2@ Azl stEFaEs

_x:ﬂ

b 7=

~
Flo
~

ol
i

G Ete 1o

=

Ay

A

—
==

|

lo
AE A i Horizontal Divectional Deilling)

O
=]

A #

A &

7 ol

=

Ll ]

R
[l B
3 ’

2
T

shglel wel 714

=
Q

7t

F
o
~ o
~ -
T o
ar F
~ ot
B
Ho et
PN
§o ol
AR
=C

£51 HDN

[

e

ﬂﬁ

£l
T3

g

A7 - 4

L},

ey
2
wa

o

i1

16y 10009 5 o] 4

1oyl eF 700 &

PP A A AL AR

20087,

)
.

Akreedonia Lroug

Fl
i

d 4

3

)

P e =

- =

]

1d alele] 104 Bl ofalol-ehg ol 2o e]

-
s

| eRe]
ar T

P

A| A

] = 2]

=t A
R

T01 o] A

iTh

.

=l

T I

ol =

] 2016

=

3lue] o] =

-~
~.
.

(e S 715

18y

1oyl — 80 s

10 — 16

Y

oF 0. fw s

oF

Alé; 3

A 2]

—_

(20 TR 4

TRM 18] A ¢l Horrenknocht AF2] vl &

U5t 201203 o3 ml Gl

2ol

.
1 =

L

4l

P

{7h) TR

rE

Faw TR AL

R2ol &

'_l L
R

A

B 4]

50T

L
b

[ AA TR A]

)

L=

iLh) 201

2 304

il

ol

—~

“Arof| 4] TEMA

=

{Th A A A]

i 2h)

P

H

S

3mo]

TR

41,0008 2]

ARt

41d o] 4t of

A 10we] 4k A0 2ksha] 2015

] TR A

A

o)

b

—

Bl

<C
N
1
9l

}._

Al e

!
b

AT
ja

4 o
-

I

(b o] & Al

H

ol

T ARl

Oy

40021 2120100 — 9002

Tme] s}

A

O 1.
gt 9l
&l
= -

016 )

2

Ll =

—
—_
=

ol of %

s
4,

SE

=2
T

_88_



1o

o

} HIEibutton

T

bils

Zlimean particlc

inclox ),

T Coarsonnss
x|

2

71 A

Alibrittlcness index

A

00314

2

2009,

VItindag

30

-

1]
o
i

oﬁ

~
Tk

_—

—
—_
b

H

Hal

(o]
)

o

<

el

=

v
]
!

‘rl A
It)

4

sizo),

&

il
e

o7

o,_ﬁ

horing

cha=2]

2010 1=

ot

amaghani

Shatarpour-i

machines]

NTH o) 14

(2014 1=

- 7han ot al,

P71 sleial= e1of 32 Abd Aol tl=o] 7|Y

FYT

~
.
[

=
=)

e
wr

o

o0

L

20147,

al,, 2015,

Doy el

2014

b 9l Saikvon el al,,

i
ﬂo

<l

71E =gl 7]

e
=¥
1
Mo

‘Z_l

F

2. w7

o)

!
1

] :{J

Q. 7

G

EE

A4
=

-
—

3=

;d—

A7 5o

U
4
L

— G
Rl

ol

=
T

Shod E'%] = '*‘]‘

z}

bed
=

=
T

A

) 2]

A

3, 000mmo] 4

(8]

AN, |

=

_89_



acking method

ot pipe

View

Schematic

AL
S

shield)

semi

Lt Al =

¥
5
Q._n,

gl

I TRl e A

I

hie

f

)

1

2 gomi-mochanizod

micro-TRY mothod =

D

8] <
oo

v =

)
—

el

i
_

ol
T

19
wr
T

s,

R ,r\]_\?f

-~
<
=

TL

A7
)

rl

End point

|"
JAacking me Lhod

starting point

I‘

ol pipe

Ve

Schematic

51.

.

C}. HDD(horizontal direclional drilling )Y

dircctional

izontal

ar

h

{HIM.

o M
a4E

2
T

2]
)

Al
=

..F,O

~

T

=
=]

oH

Pl

).
Iy
N
Th

_90_



P20
Ay

DAl gEavie] #aEH S g mm guatdolnt Zoll mldd ey
saglg ol Gt ofd WA~ el

L=}
! |
FEAdoT oy ufytAde] 1.207tA] ldE #ITsk ooy 4l PRHE v

@ 5o

24D Bh Schematic view ol horizontal directional drilling method

D WE AZ/RE jE 5o Alg Aol e ATt gl 7IE s FRie] 4 o] SlE

@2 71E 7Rkl gl AEH=S FEeke] skekd AlZeo] Jhe . SAEE AeE #H A
3 4 olofAl o) sl EY AAU, Ao ekl A2 A0l S

T #AAER} Aed herT £47 Uyl slge] Lo g} TR LAY, A
Wl Aol ssh A4 e

3 onagdsy, Auldeeel skl AtidoR 48 Fdog QulTHe] Hehe
SR W7 Ae gl Adel ST e gulel AM FdTes 2
7he g

B SAsolel Sk LT A AZUR T oohael Fer £zl gl dutel el &g
Lake] S8 vt gl

iLh) HDD{horizontal dircctional dreilling) 2812 thd

(- Apdz, s 5 YRbSol vfgh 4&o] Tebsty, Fe ) AbERlHd Bl PR A
A8 Slt A4kl 37 T7o| B

@ Hubdow vl Fuhe] 27| E whEA g olont #3 pdofla| of®] thA2] &F
U4 E 7 Aotk whde] SlE

D Lol dls] gl gule Fefol wrl wlEel eEgcl Auldeel dsl W
gel
—

_91_



CREAAL Lo BAS A¥d ARE SUeT Aursehs wie]n LHEFAI S
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TABLE OF TEST RESULT : UNIAXIAL COMPRESSION
2 9 4 AduszT| 25t MY T TEHIOEN (E7I5E ofFA 238tF, 2015 048)
Sample Rock | Specific| Porosity | Size of Specimen ENMM\MM%Q_Q OOMMMMMHE _H_Mumm_wcw Poisson's Depth
Number Type Gravity (%) D x L (mm) B wava & wave (MPa) (GPa) Ratio (m)
BH -0 2.79 0.40 50.2 x 122.7 5400 2980 160 85.6 0.12 1
BH - 1 2.68 0.98 50.5 x 98.2 5280 2810 140 60.1 0.22 1
BH - 2 2.69 1.00 50.6 x 92.8 5270 2800 105 56.9 0.19 1
BH - 3 2.67 1.54 50.6 x 117.8 4590 2680 60 29.5 0.30 1
BH - 4 2.70 1.21 50.6 x 107.5 4760 266 88 47.6 0.23 1

ROCK MECHANICS LABORATORY, DEPARTMENT OF ENERGY SYSTEMS ENGINEERING, SEOUL NATIONAL U
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( 2

TABLE OF TEST RESULT : UNIAXIAL COMPRESSION
o 9 dustzy| 253 EFAE F THIAOEM (721 oFA 285, 2015 04€)
Wave Velocit i !
Sample Rock | Specific| Porosity Size of Specimen (m/sec) / OOmH M”MME _H_Mumw:mw Poisson's Depth
. o .
Number Type Gravity (%) D x L (mm) P wave S wave (MPa) (GPa) Ratio (m)
BH -5 2.71 0.90 50.6 x 115.6 5350 2910 143 51.3 0.18 1
BH - 6 2.69 1.34 50.6 x 118.8 4810 2780 68 35.3 0.29 1
BH -7 2.70 1.32 50.7 x 118.6 3330 2170 112 48.9 0.23 1
BH - 8 2.69 1.02 50.7 x 120.5 5310 2860 168 63.0 0.12 1
BH -9 2.69 0.92 50.7 x 119.0 5130 2850 163 48.1 0.17 1
e
&=
ks

ne
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(3)

TABLE OF TEST RESULT :

UNIAXIAL COMPRESSION

of o : otubElZY| 235 HHAIHE T FHA LA (FIE fFAl 235, 20154 048)

Wave Velocit C i y
Sample Rock | Specific| Porosity Size of Specimen (misec) d om:H_MMMME _“M“”_ucw Poisson's Depth
T i 9 DxL i
Number ype Gravity (%) x L (mm) B g0 e (MPa) (GPa) Ratio (m)
BH - 10 2.71 0.61 50.7 x 117.8 5400 2950 162 67.6 0.12 1
BH - 11 2.70 0.83 50.7 x 119.5 5220 2890 85 421 0.30 1

T
ROCK MECHANICS LABORATORY, DEPARTMENT OF ENERGY SYSTEMS ENGINEERING, SEOUL NATIONAL U ‘mﬁmﬁw\w 4

.
Coy oo pns I
D e

SRS !

RS e —‘
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(1)

TABLE OF TEST RESULT : UNIAXIAL COMPRESSION

B o o usiZI] SME HEAY 3 AMAREA (FIE GFA SMH, 20154 119
(=] ’

Sample Rock Specific| Porosity Size of Specimen Em,MM\MMWQQ OOMN_.MMMé _ﬂ_wumm_u:mm Poisson's Depth
Number Type Gravity (%) D x L (mm) P [ (MPa) (GPa) Ratio (m)
1 2.67 3.29 52.0 x 107.7 2530 | 1540 35 6.2 0.38 G L
2 2.66 3.16 52.0 x 108.2 2800 | 1600 56 6.7 0.33 G L
3 2.63 3.74 52.3 x 99.0 2840 | 1680 45 5.1 0.36 G L
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2. FAHl AA vigA

DTH YA ST| A HLUHAN
- ¢igd L100M D900 -
A7 : AP e FAR7E

No | E=3 =] = E| = 2 =2 LEHH| g A
e JF | = o ERES =2 o EEEl = a ERED = o
1) XEa eal@M | eoiasior] 57.784.629| | 93,414,222 201,341,878
Pilot Hole D216m.ei2tE | fo0[ 109,302  10,080.200] 142.241) _ 14,224,100] 95,994  9,599,400] 347,537|  34,753,700)
orEatm)| @2 m | 10| 298797 193,651 19,365,100]  435.945|  43,594,500] 928,393| 92,839,300
HA o PULLING - n 00| _ 86,509 157,662 15,766,200 397,194  39,719,400] 641,365  64,136.500)
PERF B g3t | | s3] 4458 55,093|  8.429,229 3.274|  500,922| 62,826 9,612,378
2) SUBA S 2,042,298 | 2,989,205| 3,677.589 8.709, 182
OAREZRFE =3ziE HE o040 320m| 2000 281 56200 1534 30.680) 839 16,780 2,654 53,080)
OFARE BN WB0.7M3 + CHEE031| 2.4 3,992 9,581  10.064 24,154 8.i72|  19.613] 22228 53,348
EETEEE - Ma 4 55.648 222,593 32,469 129,875 207 828 88,324 353,296
BT (NZR,E87) 3 16.60] 537 8.916]  2.091 34,707 949 15,760 3,577 59,383
ENSY (BZiTON . BE-2AMER)| 03 89.00 2,885 256,765  3.209 285,601 2.018) 202,742 8.872 745,108
SARE (s RAAER-2R)| nd 16.601 3.084] 51,194 3,563 59,478 2,561 42,513 9.228 153, 185
InL=bJl - n3 16.60 a7l 452 71 1172 25 42 123 2,036
ElEY] B.D 7TON 3 16.60 454 7.543 1,769 29.360 803 13,333 3.0% 50,236
E] PLATE COWPACTOR 1.5 TON| m3 16.60) 168 2,784 2,233 37,074 53 s 2,454 40,743
EGIEA & RIREH K , n 80.00| 10,695 855,600  16.093 1,287,440 1,124 89.920| 27,912 2,232,960
S| 2| E3223 20ton 8l 2| 180,983 361,966 192,599 385,198 110.954| 221,908 484,536 969,072
e 4,5ton 8l 4 64,821 250,284| 171,139 684,556 102,174| 408,696 338,134 1,362,536
HIE Rl ET=T0ECE- ton | 20.10 o 0| or.204)  747,800|  37.204 747 ,800)
HorAEHEl 2.3ton/n3 | ton 5.52 B o o 17,464 9,308  17.4p4 96,399
=an o |eomem) 4 1 B B of 0] 1,800,000 1,800,000 1,800,000 1,800,000
3) s 3 : 85,179,850| 0 = ' 0 | 5,179,650
peoeim  feoom | m |9r.0of 87.950| 35.179.650[ o | o 8790 35179.650
EEELCE] | 87,364,975 60,773,924] | o7.001.811 245,230,710
HOD X MUl ™
— ¢igf L100M D950 —
A= s A A hkEy FAUsL
No = o = =] EER Mt = 2E| AHE A s |
ERE] 3 o EREl = o EREl 2 o o ot = o ]
1) NEE AN g i 2 " 169.454,027| — | 120,123,229 " 67.135. 122 I 356.712.378|
Pilot Hole [D216mm, M5 - n 100]  109,302]  10.930,200| 142,241 14,224,100] 9.609,400| 347,537 34,753,700
orgrstm)) == [HOD 0350 =3 I on 100] 11,603,800 112,160 11,216,000 5,819,200 286,390|  28.639.000|
orets@)| &2 [HOD D450 B n 100 489|  13.848,900| 116,281 11,628,100 6,362,700| 318,397| 31,839,700
oiptaml| 83 HOD D550 &2 n 100] 165,533)  16.563.300] 118.337 11,833,700 _ _ 6.681.300] 350,683]  35.068.300
ortet37] 83 |HOD DBSO &3 1 m 100 179,300]  17,930,000| 120,406 12,040,600 ~ 6.961.200] 369.318  36.931.800|
orEpbs @I &3 [HOD D750 &3 n 100) 22,021,600] 122,461 12,246, 100 4| " 7.321,400] 415,891 41,589, 100
oiEbei@I| AT [HOD D850 &B n 100 23.577.100 124,528  12,452,800|  76,068]  7.606,800| 436,367|  43.636,700)
orErstm)| 82 |HOD D50 BT n 100 ~ 27.905.900]  130.263 13.026,300]  83.992| 8,399,200 493,314| 49,331,400
24 2 PULLING o n 100 24,401,000  130.263 13,026,300|  78.830|  7.883.000| 453,103|  45.310.300
PERH T Za B Ha | 153.00 682,227| 55,093 8,429,229 3,074 500,922 62,826 9,612,378
2) ShZ A " [ 2,042,298 2,989,295 | 3,677,569 ) 8,709, 182|
OtABEZZEC 232E HE $320-400 13.20/n ] 20.00] 281  5.620 1,534 30,680 839 16.780 2,654 53,080
ofAmEZEMNI  |=s0.7M3 + LEEHOIH| m3 2.4 092| 9,581 10,064 24,154 8,172 19.613| 22,228 53,348
zasaq B A 4 648 222,503| 32,469 129.875| 207 88| 88,324 353,296
£ B (NN 3 16.60) _ 8.916 2.091 3a,707|  odg| 15.760 3,577 53,383
EAS2E (YIISTON, B -UANAER) m3 89.00] 256,765 . 3,208 285,601  2.278 202,742 8.372] 745,108
EAL28 _ |misToN, 2AAER-EE) m3 16.60) 51,194 3,583 59,478 2,561 42,513 9,228 153, 185
In=b]] 3 16.60 452] 7 1972 25 412) 123 2.036
ELES] B0 7 ToN w3 16.60] 7.543 1.769) 29,360 803 13,333 3,026 50,236]
CHE ~|PLATE coMPACTOR 1.5 TON| m3 16.60 _ 2.784 2,233 a7,074| 53 885 2,454 40,743
ECIBAEXINBA | n 80.00  855.600]  16.093 1,287,440 1,124 89.920]  27.912 2,232,960
zylewd  |E2igel 20ton 3l 2 ) 361,966| 192,599 385,198| 110,954 221,908 484,536 969,072
siE e __ laston 3l 4| ea.821|  250.284] 171,139 684,556 102,174 408,696| 398,134 1,352,536]
BoIEX2E  |[A&SLUHal . ton | 2010 | o] o sr.204|  7a7.800] 37,204 747,800|
HotAZF 2l — |2.3ton/m3 ton 5.52 e of | o 17.464|  96.399|  17.464| 96,399
=ax |eioited) - 4 L I ) 0| 1,800,000  1.800.000| 1,800,000]  1.800.000)
3) SLIXH P ; i i ) 5,179,650 Bl o i of 85,179,650|
Cpegma  foom | m |oer.00| 37,950 35179850 | 0 | o]  ar.9e50  35.179.650|
EEERTIE] | | 206.675.975] 123,112,524 70,812,711 400,601,210)
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MOIE2E EAHLHS A

&gt L100M DS00

- A as | sz A = H e 2o LS 8 k) _——
£} 29 f=2] a9 o Eh = 2%

N RSAS 900 & 1 28,394,022 42,406,684 374,902,123 445,702,829
2) sngu = & 1 23,064.800 39.374.811 56,867,101 119,326,712
3) SHLIgH S & i 7,230,652 16,393,710 18,948,032 42,572,394
4) o1zl @b S & 1 8,784,640 8.393,819 54,945,279 72,123,738
5) o2 & 1 3,712,464 2,729,952 574,261 7,016,677
6) AxHbI & 1 47,996,444 - - 47.996.444
HEBAHIN 118,183,022 109,298,976 506.256.796 734,738,794
1) BFEZ 28,394,022 42,406,684 374,902,123 445,702,829
Sazes D900 100 - - 30,334 3,033,400 - - 30,334 3,033.400
BURAB m 100 101,723 10,172,300 152,289 15,228,900 6,091 609,100 260,103 26,010.300
yARAB m 100 - - 181,222 18,122,236 - - 181.222 18.122.236
=NEBFUB m 100 28,631 2,863,100 31.983 3,198,300 1,279 127,900 61.893 6,189,300
AR ERM) & 1 - - - - | 182.593.000 182,593,000 182,593,000 182,593,000
I AR EE(R) Al 1 - - - - | 189,795,000 189,795,000 189,795,000 189,795,000
LEIABE suas | w 149 103.078 15,356,622 18,952 2,823,848 11,927 1.777.123 133,957 19,959,593
2) FRSHIS 23,064.800 39.374.811 56,867,101 119,326,712

weEz a@xazn | w 1 330,372 330,372 938,694 938,694 - - 1.269.066 1,269,066 | 1=t
YRUAD WA 1 2,124,797 2,124,797 492,439 492,439 1.856 1.856 2,619,092 2,619,092
] M 1 2,072,246 2,072,246 271,999 271.999 82.620 82,620 2,426,865 2,426,865
EET T suus | @ 149 96,864 14,432,736 186,808 27,834,392 358,376 53,398,024 642,048 95,665,152
FEBIDIMNEHS e 1 442,758 442,758 1,652,390 1,652,390 895,940 895,940 2,991,088 2.991.088
BENRETBRED e 1 1.474,922 1,474,922 511,864 511.864 444,392 444,392 2,431,178 2,431,178
BEMSERLES M 1 1,228,019 1,228,019 426177 426,177 370,000 370,000 2,024,196 2,024,196
BENGXB o 1 96.864 96,864 1,858,390 1,858,390 358,376 358376 2,313,630 2.313,630
2zwER o 1 48,432 48,432 939,662 939,662 179,188 179,188 1,167,282 1.167.282
BEI| LB AEH o 1 290,592 290,592 2,420,529 2,420,529 1.075.128 1.075,128 3.786.249 3.786.249

1
s= B oo | sz Ll ol = 2 U < &3l & 2 W@
7t EL £} Bkl £t} = =) =%

WIS Pl ES 1 b e 162,750 162,750 16,268 16.268 179,018 179,018
SEFFELS PLES 1 = = 97.650 97.650 15,572 15.572 118,222 113,222
S EHIZ & 1 412,880 412,890 152,281 152,281 - - 565,171 565,171
I a 1 24,200 24,200 - - - - 24,200 24,200
FUEHIB A 1 45,556 45,556 807.262 507,262 49,737 a9.737 902,555 902,555
FAVABHEUB 1 40,416 40,416 808.332 808,332 - - 848.748 848,748
3) SHILILHIS 7,230,652 16,393,710 18,948,032 42,572,394
SHLUDETEHE m 270 24.800 6,696,000 23,295 6,289,650 - - 48,095 12,985,650
SUBSEXANS 2] 1 75.928 75,928 1.328,884 1,328.884 82,896 82,896 1.487.708 1,487,708
BUBZSTENS o 1 75,928 75.928 1.328.884 1.328.884 82.896 82,896 1.487.708 1,487,708
HBINGNHB Ha 1 75.928 75.928 1.332.622 1.332.622 82.896 82.896 1,491,446 1,491,446
ERHOSE LT EA 3l 1 - - 1,895,520 1,895,520 - - 1,895.520 1.895.520
HEHOMEAEHNT 2 1 75,928 75.928 1.037.808 1,037,808 82.896 62.896 1,196,632 1,196,632
ClASHERENS & 1 230,940 230.940 3.180.342 3.180,342 297,648 267,648 3.708,930 3,708,930
IHANPEEE) & 1 = = E - 18.318.800 18,318,800 18,318,800 18.318,800
4) Ol H 2l EHI S 8,784,640 8,393,819 54,945,279 72,123,738
OIS HABKLHENT 3l 1 434.336 434,336 4,051,441 4,051,441 912,176 912,176 5,397.953 5.397.953
HELURHRAB £l 1 227,784 227.784 3.557.042 3.557.042 249,048 249.048 4,033.874 4.033.874

OERESR NEEA| m3 89 13,730 1.221.970 8.824 785.336 6.172 549.308 28,726 2556614 | J1EEd
U m3 58 118.975 6.900.550 - - - - 118,975 6,900,550

JIHEE (4) 3 1 - = - - 53.234,747 53.234.747 53,234,747 53.234.747 -
5) $0H3 3.712.464 2,729,952 574,261 7,016,877
AUIIE AT 2w ER| Me 2 1,855,778 3.711.556 937.765 1.875.530 287,055 574,110 3.080.598 6.161,196
BEA m 100 - - 8,531 853,100 - - 8,531 853,100
s FRB L] 1 908 908 1.322 1.322 151 151 2.381 2,381
6) T HI 47,996,444 - ~ 47.996,444
=za D900 = a1 953,930 39,111,130 - - - - 953,930 39,111,130
soa 0900 = 1 5,219,720 8.885314 - - - - 6.219.720 8.885.314
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