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Abstract

With a mountain tunnel construction, predicting state of ground ahead of the tunnel face
rapidly and accurately is critical in order to carry out the construction safely and
economically. In this paper, I summarize research results on the development of
investigation method for a rational and accurate estimation of compressive strength and
elastic wave velocity distribution in the ground ahead of tunnel face using a hydraulic rock
drill.

In the Chapter 1, current situations and problems with investigation methods of ground
ahead of tunnel face are summarized before explaining necessity and purpose of the
research and development of practical investigation method, which can be carried out by a
constructor with little impact to the construction, and with which status and physical
properties of ground around a tunnel such as compressive strength and seismic wave
velocity can be predicted quantitatively and accurately.

In the Chapter 2, previous studies on investigation of tunnel geological conditions using
a hydraulic rock drill are summarized. As one method to investigate the geological
conditions of ground from a tunnel face, drill logging method taking only several hours for
the investigation has a small impact on the construction while reliability of the result is
comparatively high. Challenges with qualitative investigation of ground conditions with the
drill logging due to the change of drilling speed by configured percussive pressure and/or
rotational pressure even for the same ground are mentioned. Extending the method to the
investigation of ground physical properties such as compressive strength and seismic wave
velocity to use the results for support timbering design is then explained.

In the Chapter 3, operating principles of hydraulic rock drills used in the drill logging
method, overview of drilling and damper mechanisms, relationship between drilling speed
and ground properties, and overview of specific energy which is an existing ground
evaluation index are summarized. Regarding the operating principles of hydraulic drifters,
it is pointed out that percussion of hydraulic drifter or collision between a piston and a

shank rod is generated by coordinated movement of two valves controlling the flow of
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hydraulic fluid with movement of pistons when hydraulic fluid flows into the hydraulic
drifter from hydraulic pump, and pulsation of percussive pressure and/or impulsive
vibration are/is generated by surge pressure developed by the valve control. As for the
results of applying specific energy, which is one of the indices of ground evaluation with a
hydraulic rock drill, to ground ahead of the face, I confirmed that there is a correlation
between specific energy and rock mass quality.

In the Chapter 4, development of investigation method to predict compressive strength of
ground using pulsation amplitude of damping pressure generated by percussion of a
hydraulic rock drill is summarized. Focusing on the fact that repulsive force of ground is
absorbed by hydraulic pressure of damper in a hydraulic drifter, I carried out a drilling
experiment using a specimen with known compressive strength to show that there is a
correlation between pulsation amplitude of damping pressure and compressive strength.
When drilling with larger percussive pressure using a hydraulic rock drill, percussive
energy transmitted from the drill bit to the ground increases proportionally with the
percussive pressure, and repulsive energy from the ground to the drill bit also increases
causing a larger pulsation amplitude of damping pressure. I then propose "normalized
damping pressure pulsation amplitude" where pulsation amplitude of damping pressure is
divided by percussive pressure as an index for ground evaluation. I confirmed that the
"normalized damping pressure pulsation amplitude" has better correlation with compressive
strength compared with the existing ground evaluation index of specific energy and is
rather insusceptible to percussive pressure and feed pressure, and showed that the index is
effective for predicting the compressive strength of ground.

In the Chapter 5, development of investigation method to obtain seismic wave velocity
and velocity layer structure of ground ahead of the face using percussive vibration of drill
bit during drilling of the ground by a hydraulic rock drill is summarized. First, I showed
that percussion timing of ground by drill bit can be obtained with vibration of pilot sensor
(accelerometer) installed to the hydraulic drifter with an advance percussion experiment. I
then confirmed that there are two vibration waveforms with the pilot sensor vibration

generated by surge pressure which is developed by switching of valves, and waveform of
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percussion of shank rod by piston is ahead of the first vibration waveform, which was
assured when comparing with percussion process of the hydraulic drifter, and is
comparatively smaller than the amplitude of vibration by surge pressure. Readout accuracy
with travel time has been improved by enhancing S/N ratio of received waveform by
stacking arranged waveforms after obtaining time lag of the received waveforms generated
by cross-correlation of the waves received by a receiver which was installed at the face of
tunnel construction site. Tomographic analysis was carried out with initial travel time at
vibration point near the drilling position using travel time curve toward drilling depth to
obtain seismic wave velocity distribution of ground ahead of the face, which was confirmed
to be consistent with specific energy distribution obtained by drill logging and seismic
wave velocity distribution of side walls obtained by elastic wave exploration in tunnel so
that it is effective for prediction of seismic wave velocity distribution of ground.

In the Chapter 6, the summary of research result of each chapter, and applicability and

future issues of each investigation method are also described.
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TW%.

kDX S i—h v ar KU vE: SWD ORBICEAT 258, #H T8 (K
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ETDHEFED SWD OF —FWBROFEARTH L3 7y b — & ZHRERCEH L7123
O AABE ) HAERERIH 23R D 2 FIEIZMR N A RE LTV D. b RO L
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LT by aIT L O BPERGREE /5 2 RO TR BN, ERSMZIBW TR Y
7B\, BRI OMEREIEHIZ SWD OF — X UEEAEH T2 Lnb,
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FIE AHFRITHV S MEXHIEEE O R
3.1 AHFZECTREES S MEXAIES M OMEE & KK

LT N RV ORELIZAW SN D% FITEROMEXAIE#IE, &b - EmhRee
RAIBRA% B LIWFZEBRR M T DA, Bl Cld & v UEEPMEEMI SN L )i
2o TWB[1].

RETIE, AR HAV L MERHIESHEOMBREROVERNRE, HIFLE, o dE5E
78 EOEARIERE L, d KOHLMER & HIFLEE OBIRIZ OV TR RS, E7z, Hl
ERICRAET HIRE) & FTROBRA(FEFEICERESIT 5 (B4 RICBEET D) . KU,
HIE R U 7 2 OBFECHILMER OB L DX U B TEORAREEZERL, X vr
% AW RER O HU LT /715 & OFECOWTIRAS (5 5 BICRET5) . &5,
RO HMEHIER Z T2 B LB B TE OB G DRRREIC OV TR~ 5.

3.2 WMEXHISBEOERL & (FBIRE

MERAAE#IIR-31 (T3 T X911, WERYV 7%, Yy Zuy R, AY—7, By
R, By brofEfSnD. WERY Z7ZAOER L, HEICEY VU o FAZHEIE
CBEIL, Yy rmy R8RS, FTRICID Uy o my RICRAELITES (T
BIE) , n—2»bolEE)) (BERE) LHIEHOHET (70— FNE) BRIV —7, mv
REMLTE Yy NETERETS. By FOFRY), [B#E 73 LU A HlI/ER S8 C,
ML 225, e L72BAIT Y GER) 1%, KR EICLD 7T v 7T X 0L
BENLEVERN, FUMNIHEE SN, 07T v v It Thvng, FLN TS
D OZWIERESFEAE L, BIFLESMET T 2 LRI E Y M ERRICEET S, 20
96, NIy PEAHILICES SETREEICHBEAZMLCEZ 2&EBRH Y, EERT)
ey MBS COVRWMZEICEE SELRAND 5.

X-3.1 HESHIEFEORER CCEk[1)
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L, FTESHFRLEOLIEEE RIS, WERD 72 OIRITRO S H, REHRIMER

B ER— FHL_
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BEEKR— L1
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BoOREE (@) ~ () 1ORT. £z, ©ANCORBEN, BARA Ma—7 LEE
OB EZE-3.31RT. MFIZIE, ZENOMERFIREIS ST DAEE A~EDR T
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HEFY 7ZOT8ETIROS S, (a) 1 FEX FRERIER (X R ASfERT 270
—RIZEICR D 5) OREBICH D, EEERE A LI EERA L7 2 LT
A hDOBEICIRAL, BIEICS FREEECIERNMNRAT 2MEI > TnD. B R b
DZEERIZAL> A2DBURICH D72, B A M AFhalcy v o7 ay FANCHTET 5.
(b) IZFEARNCPEIEL, Yy Zay RETETIEAMORETHS. B MnA
T UHEEAR— FCQAARER— ML 720, ANV iz 260 5. (©) 1
AELIZEA R v vy sy RETRLUIDIREICSH Y, FAE LT-EEER RO vy
MBET S, (d) FERA N CDRIBLBOLRIORETHD. LT NI i 25
TL, A MAEITEER— ML GVREAR— FL1Z@E U THREOREIZH 5. (e)
IEE R RN BB IE LREBICH D, B A P OBIBICZL Y, LTS AR —
FDOC2EFAT TCIARL L BmEMASUIE DN D720, 2SIV T DRRIGFICEE LisD 5. (f)
ITEA MO DBEEROEROREICSHD. VT PRERET T 5 &, BEITEER— &
BUTRECRY, B (@) OREICES. TR (@) ~ ) OTREZEY KTRE
oD, Ik, LT RBIBLTEERBEAALS (b) 726 () OlfEE L7
LCEEREBRC () 76 () OBRBIZBWTH—VENRAEL, HMERY 7 X ZH
BRRIRENEET LB OND.
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3.3 HERAEREOHIFLEHE

IR Ry D RY LY ARIZHEE L2 EREI AR (B-3.4) 1%, b ook
Lea v 7 A0 FOHIFLICHWSGND. MRV OETICHWSHIE#EDOIZE A LL, v
—4# 1 —,—% v 3 R/ (Rotary Percussion Drill) T&H YV, HIEHEROE » k% #h
W LY CRREE TR (57T2) a2 b, RYUzEERL CHLZHEILT S (E
-35) .

RE ey hOFERIZIE, B-3.6 17T L) REBEGEOT v TONER 1T Hi, Hil
MR OBE) 25252 LI VBRERAESE, ThElfitT 5. Ty 7ol
~OBAESE, #fiERST v FORRKICE > TEDS.

HMERY ZZHNOEA MRy 7 ay R8T 5 2 LI 80 B OHMER S >~
Yrruy NIZREL, AV—7, vy FZ LTty MU&#HET 5. B-37 0 Lo,
BRI IXE Y hOF v IO BEBRICER L, THEBREL CEBRNICE Y RABAT 5.
Z OB, HHERO—EIE, By MemTREKE (RExxLX—) L LTHERY 72
7o TEHET 2.

HM-34 KULTyYR B7—20) X-3.5 HEHIEHOHIFLIRE
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F—NRELRDHEAND 5.
3.4 Ltk & BIFLEREE D REER

HIEEBEORIFLEE FH L OFEIZ L > TRES BT 5. Fl2IE, #E - PilEs - #5s -
Hh e WSl EE OBV L D By FOB AR L BARS OREREZE-3.9 ([Z7R7[4],[5].
HIFLILERS SN D=3 LF—RRILTHL L TH L, WETHDITLE, HILOEAEKTN
RESEANES/NEL 2D, I, 8EICRD1ZE, MLOBABRTR/ NS SBAES
MRELRD. LIEDo T, MUDEEEIZ/R D1 CHIFLEEITES 720, HULQSEEIZ 7
HIE EHIFLEEITEH LS 2 5HM3 H5. ZO X0 REEEZFA LT, S YHIFLTIE, HI
FLERE DS H LR AR T 25 L LTHWLNTE . 2oy NOB AT BAE
S OBRD LHIL OREREE (BRIED Lo S) ZHEET 5 2 &N TE 5H[6]-[8]. HiLI DA
e 2 T B AP A RA9ICR LKA R-3.10 127, filziE, HuloE A
WAL Td > THRMPEEORE ML ZHIFLT 258101%, B L X =2V NE <7D,
ZHUTKRE LT, RO BVOHIIL A HIFL T 2568 121E, BRPMCIEE S D =R L =K
LD ZO XD ITHNLORRIPEIC K> THHMIILTHE SN2 =%V F—80E(bT 5.
£/, RICHLAZHIILT 258 COHITEE, 71— NEEZRE T 51 CHIFLERE T3
KRHEMDBH 5. ZD7, HIFLREOHEELZRAWL%5EIET 4 — FENEL LW K&
INCHIFLT A RERHSH. LinL, EEREIE Yy Mory N EFLEEOIREIT Y 1T K 2 EEE
BEHOFELZT TRESENT S, FRS, TLICHREIT Y 28 E 0 0T W EeE Oy
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ZOEXHIT, BEHRE, 74— FEIHIILPEROZELZ T CEET 5720, MEEZEL
EHRNVEICHIFLT 2 Z LI LV, S5, By MREEET D EHIFLEENE(LT
5728, HIFLIREOFRIE CTIIH MR 2 E L MBS 2 2 L IIRETH 5.

3.5 WMERY 7ZDOF 3B

HMERY ZZRNOER MRy 7 vy REFTE UZBRICHEAET D EMROBMER (T
BT RLX—) [TEEOE Y MG L THLLOBRHMCIEE S115705, —E 0 MR 13
AL LU THERY 7XICED. ZOTRORFENIHIEHE H%IBSE 5 LFEBICE Y b
DEAEAELEE, AFREORTOERE 2%, ZOKRT A ERTY v/ BT
ML D ORFEZWILL, T2 LR, 70— FECEDLLT, vy FoFEHE
I E ST ATOICERE S ).
gl LIZME RV 720X BB OBKNZR-3.11 [TRT. 20X o EEITE
EEICENT T 2T AH X Th Y, LS DORENEZRIRT HH L EV T EA Mk,
ZONENZEE L CTIERDIENEEBE LY b L/hSWfEhEZ ey RICEX 57 vy 7
A RVINBIER SIS, ZOWINTHEICEY 5260, #LNbDORFEIZME (¥
VU UE) TR 5.

BT XN F— L KB RVF—DRRIE, KG)TERTZLENTED.

Eq=E — E;—AE 3.1)

ZIT, BT ARNF —, EIIEA D OITRERLF—, B3R 1L F—, AE
Ty b EHIIOBEMEC T v FOME FH ERERE EICBT BRI R LF—ThH
L. ZD9b, EA R OITEZRLE—F, KB TETILENTE .

E =-myv} (3.2)

FoEUTE
Evk pwk Ty TEARY FoEDTERARY
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o0yt Jwia EXb
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ZIT, EFEA OB LE— (), myldE 2 N EHE (kg), vpldEA b #E
(m/s) 2FT. £/, By FOITRIC K 0 L OBRHIEE S DR R L —E T,
KB TRED.

E =[] fdu (3.3)

ZIZTC, EpldfEem r v — (), FIZEAERG KN), UIE > O 1ITEHZY OB AR
(mm) ZFEKT.
6T, By MOHERY 72 IURET HDRFET RNV X—E, ¥ 7 ER TR
BT 570, REBA)TRTZENTXS.

1
Eq = Smavg (.4)

T BRI AKX —, myliF B ST ER M OEE (ke), vliF s
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KT ANX—DOAE, o 7R N OBERLEZELSE, ThF v
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HEDE), ML O 2L X —PHE R 7 Z IR DRFETRVF— KBS, £0
R, XUV VT EONBMRIEOR E SITRBSND. VR DL, F BV T EDOES
DRE I LHILFHIAFIEETH D Z L DRESND.

3.6 FUEUTEORERKE

B SEBOMEY, Ao s U — FOEMRS ZHET v 23y hav<—1t
UL TRY, K¥EH (KEE) ORZIZHXECTEICLDHIIIREBEZHETHZ &
WA[EETHD. WERY 7 X2 D& ~EEORFERF L LT, Atlas Copeo (L TIE—EDHE
ERHE L CH v 75 H1E%, Furukawa Rock Drill #ECldHEZ —EICRRF L TH >
Eyﬁﬁéﬁ%%ﬁﬁbfmé.mmcwmﬁwﬁyﬂgﬁ%ﬁwt%%mﬁyﬁny

Z K AU LFEH & Furukawa Rock Drill #ED & > /3 35@E 2 W CH7ZICIRE T H 4 B0 7
DIRENEIZ K 2 Hu LIFEEOE N E LUF ISR 2.

Atlas Copeo I TERH SN TV L —EDHEZHHE L T B 73 57715 TlE, #il
PEEDOHEILY e TENNES L, HILDNTEEIZR DI EX B TERRELS 2D
Hmzmrd. ZOXCECTEOEE, FUEC TR R COMBEIZESTHEDID,
K-3.13 OHLNEERIFEITIIF B T ER R UBRRIFICEENT 5 Z EIC X D IEAR
KL, BE-3.14 OHILAEEIZRD2GEEITIEL VBV TR NURBFICBEI L TEN

MRS R E
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B P B R
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WL R DB ERZ TWD EHEIND.

—75, Furukawa Rock Drill 8 Clx, # o 7 OIEEEN—EIRFEIN D720, H
LT HHULUAE L EHBE T —EDOMBELHETO2MERY 72X DL I RF VU TE
DOEALREL D Z 7L, WERLO FL > RZIFEALEERL LRV, 2D, il
M HERDZ L TEOBAUIC L D FEA AL ZENRTE RV, LiL, Z0k)
BB TH-oTHH VBV TEIE, ITBOKENZ L > TUENEBOIRENNFHEET S.
X TIEOIRENZIE, FTRICEA2HLOSENKBS TR Y, MREZHEET S
ETHERARERICR S, B-3.15 OHILDSEEZREEITITHILD D DORFET F L =7
EWow, ZNERET L4 0 E L TIEOEFIREN /NS, B-3.16 OHLLSEE e
BIEIRBE TRV X —RNRE WD, XU B T EOEBRIEAKRE 2 LHERISNS.
DX ORI OFEEIC K > TELT DX U B V[ EOEEAREE L IR TE S, H
WL OWHEFHIC R CTE B EE X T2, ZOBRM LIENELE 4 ETHRAS.

3.7 BEHARER = R X —I1Z & B HLFHE

R RV IRIZBWCERT 2HFLRBIE T, AFLEE, BEIEEEL TR L ¥ —0i%
v, BIFLTTD OAREE, K E EOHIFLIRI OBIERE R A N4 TRERNTHEET L, Hulio
TEER DR, BB 72 & OfLE & RAE, BKE, #lREBOFEAIT .
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ZDH B, REMZHLFHEEE Ch 2 HAFEL =% /L% — (Specific Energy) 1%, =
(B TRIND. ZORITEAIEHORERZ M+ 2 FIE[9]1 & L TIREI N2, TRHIE
EDFRERMEIC L > THE(LT 5 Z LB LOFHEIC S AV STV D.

Sp =" (3.5)
Z I, SpldEEIARELE = L — (Jem), EIZE A b OFTBE 3L F— (1), NiZiTesk
(blow/min), AXFLEERE (cm?), VIZHIFLEE (cm/min) 23
JFA7E C EEROITE =RV X — E A EEFHIT 2 2 LIXTE 0D, kAR5 Z
LR TEB[10].

E=(=)E (3.6)

Z 2T, PIFEHAISIIZFTEE (MPa), PyldEHATERIE (MPa), EylIEMEITERILX
— ) %7

PEHI AR L F— 3R E et TR E <, BEZRHILNC 22 D1E L/ S < R DD B
. ZOXHITEE L RAEEL T LRI EE R BRSNS D, —FH T, BR8N
L 7 i LSRRI S EHE IRTE T 2 Wi 72 & CIE, FLEERREEDSESE L CHBHIT V
PEHRREE 720, ZHUSLE D EHRED EFRLY v I 07 (1w R eV vRER) DBE%
&Y, FHAT — 2 B3R E BV THULEHEOREME T T 058005, £z, HIfLE
TiL, 3m BEOR Y REAMFERE LN OPTEDEE S CHIFLT 5720, 1 v FOMFEFE
IZBWTHTRE T RV =T 5. BEROBREL, #EFRR0R UEofi ORI
Lo TERRDLN, W 15~10%ThH D Z LBWE SN TWA[I[12]. E6IZ, 74— FE
WETEDEA LV /INEL, By FOFEN+7 TRWEEIZIE, HilL~Ox 1L F—(RiER)
FOEL RDLTET TR <ARLEEZ O DOMET T 5720, BAIEFEL =L F =2 7L,
ER L0 LEE ML L FHMET A5AN D, 20X )L, BEIRELT R LTI, T o
— REDOHEELZRELZITHID[13], ThEfRIEE L THILAFHET 2581KE7 4 — R
[EZ—EIRORENRDDH. LL, F L MEFFRHL & TEE LIZHIFLZAT © 7ooI2ig,
74— NEZELSBRETDHEND Y, MILOFEERORE 2R L <R 5 2 L 2R
RIUZH 5.
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—%, XU TETHE, BERREET X —EFRRIC e v ROE TR OfTB’I L
F—DORET HEBELEETHVENRH L, v NMEROHILNS ORFEHPENICE
BRMEN, EESED BRSOV Y IR EORBND WL HERIND., DT D,
B T ER WL ORI T, TERDIBRIAREL =X — L 2 HILEHE L 0 5
FEom QR TE 5.

3.8 BANY 7Y v IHANC & B HULEHE

THERHE PERE O TR CERE L2 lE Y o —% AW CHIFLEEOFT.E, [BERE, 7
— REAFHT 5. £/, 74— RV U U FITHMAT 2WEARESHC L VEHIIL, iR
DFET 57V AEELHIFLEZ RO 5. HIFURE TEHl S o —ikiy72 7)) o VTE
BIX1Hz 76 10HZ FRETH S, LanL, HIFLEEDER OG5 HLIMER A RS EE & < i
T 2728, 2kHz OV 7V > ZREEFECCEHHAI L. FHAIL 727 — % OB 1A R-3.17
(O BHAABE T S &, K —DESE ADEHL Ty 7 7 IZRD AT, Ny 7
7 OBIFLT =5 %3 2 O RT 4 A7 5T 5 & RFRHCHIILT — & 2> 5 #u LgE
DFENIRZBIRATV, HIFLRE S 1~5em X Z & ITRE, FBlERE, 74— NE, Hl
FURE, 6 L OMRRIAEL = L X —DFEZ R L, /Sy 3 EE ) TVZ A LI
F7 5 (B-3.18). 7245, HIFURERHIC 2 v N 2B SEROEIES OB ENHI TR DOFEH
CEEE 20K S, FHIFERSE IR Y 2 U DEEIO T, B X OEBEOBREEAT
5 (E-3.19).

BEEY 7 o THIFAGE S AT AOBEAEF L LT, BENRERD 2 4D L
W L7 R4 SOV TR TR R 5.

AD - H Ry T7IC
S Y—[ wwm [ AD {E % BUAS

W HIHT—4 57
B & &R

5oz o - NI g
il g TN
;-3

N
D
FHRlT—4
74

Al

B1-3.17 HIFLT — & OFHALEE ik
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-3.18 HIFLT — & PRt DFRR B-3.19  HIFLT— & OFHAMKI

3.8.1 A RURV (EEHILZRSR)

HIIFLIRE & 20 L 72 b o kL O LT~ HIRLE R (q,=30~90MPa) S EIE Th v, TEE
Thote. b GPEOFL (vl OEMIC 0.5m, EANZ 0.5m &2V 1.0m
OALEN 2 4 EOHIFERBZ1T>72. 1 [BIEAY 22m, 2 BB 30m, 3 [EH 72 38m, 4[EH
N 20m OFESZHIFLL, 1[EEE 2[BEET13m, 2EE & 3EET9m, 3[EEE 4[EET
75m ORIZEE (T v7) S8z BIFLEE S HAIREIL =1L — L3RG - FHERO
SRS =, ERROM LR A BRI OV T HER L5 R A R-3.20 IR, 7pds, Hi
Nz & D HIFLEE & EIEELL =R X —0D Lo R LA A 5720, KT Im XKEOF
P LR AR L TS, TDA353m~T.D.359m DELHE ORLCIE, HIFLIEE A
10mmys F2EEH 6 20mmys FREEIZ B L, HEHIARFEEL =L % — 23 5000/cm’ £2 7> 5 300J/cm’
BEICEK T LTS, £72, TD.388.5m~T.D.391m 3 L T.D.415m~T.D.416m O/INFIED
FEBERIC R\ T, MEEIAFE L 1L —723 2000/cm’ LA T2 72 0, HBE AR = L —2
HLREEDZA L2 R L TV D Z E pSbho e, —J5, BEE L RKEOREIREL = 3L ¥
—HHET 5L, 1EEE 2 EEO 13m ORI TIXFEEO AR ZRL, W& OZE) 50J/cm’
RE LSV, L, 2@ & 3 EEO Im KECIHBEEEL = X — D018 5 F
V=T, BWEDOEDPRKT 190)/em’® & RERFERITR 72, EBIZ, 3EE L 4EED
7.5m X THEEDOENRAT 2300/em’ L RKE L, ZOEEXHETH—B L2V MERIZZR
Sfc. WERLBHEIE QEIR & 3EHOHEIZ2EIR, 3EIEE 4EBOHEIX3IEER) O
FHRREVEILR->TEY, HIFLED 30m LLETHMIIZRWZ E0 b1y ROMFEFE
DRFETZT T2 L, BFIRICHEL R Hu v R EJEOHIL & OBEE S OZER 1S K E
KEFGLIZEHEEND. 20X ICHIFLEEIREIATEL = 1L 55 —(2 X 2 # L OFFHih
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HI A T—42(TD342~424:1=82.0m. H|fLELERKL=1105m)

EHIARS EL T L ¥ —

gl

©-3.20 FEEHIILIC 351 2 BITLHEE & EIAREL T 3L — 0 Holl

TIL, IR LT DB A RS E LHETE 5. — 5T, RCHLZAIFLL7Z
P64 T HHIFLEECHEE AR L= 1L X —DER A2 5 2 &5 b HIFLE PR (A =
FNF—Z N THIL DR S 70 EOMIMEBAHEET D2 L NEELWZ LARL TN D,

ZOX R ENG, AT TILIS HioWERALSHO X B JRIER L, #ilo
JERETR S ZHEE T 2 FIEICOWTHRET L. ZONEITE 4 ETERS.

382 B bR (HEg5HL % 5i5)

HIFLRRBIC & 2 R AR = L 20— L it TH SIS U 7= ERR O LRI % b U 7= f
F&2F-3.21 1277, HRAIOESIERE L 2L —05FE, HIFLEE Sm A2 400)/cm’
FREED D 2000/em’ FREE,  14.5m 03 2000/em’ FREE D 5 400)/em’ FREEIZH 5. F72, 27.5m
FHECIE 4000/em’ FREE A B 800J/em’ FREEIC 72 0, EEROHILKEELEE Cho7e. 7o, £
FIDOHIFLBBIZ OV T HIBHIARL = R L X — DK & & & HILRREDBHRIZFREDOFE R
Ipodz. HIFLEREE 5~17.5m OFEFIE, BAIEERL =1L F—23Ma 100~3000/cm’ TH Y,
D IT (O LI FH 2 3 2 55 72 #1 LS M W) O TR S A7 (i@ & 0 URPIRT5 18I 8m AREE DAL
EICHET S TR L.

36



KR A LRV CTHRHIT 2 LU EE S 2 &b — BARHIWESEZ il L, SERA+
I}, £ 4m @ GRP (Glass fiber Reinforced Plastic, %7 AfHEss(L7 7 AF v 7)) AL b
EDEART T R=V 7 L8RV M 2O U7 miBh LG 2 06 L7225 LRI L7z, Hil
WREENEALT HALE COUPR DRI EZE-3.22 |[ZR-T. 2 ORI L 0 URRRImEEROHiL

[ a0 as 40 45

ML ()
B-3.21 #REAHILIZIT DIBEMATE =1L 3 — 50 Ah & i T3EAE & oD Ehilk
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RTE UTIRBE TR 2 L AFHRIC/R Y, 6m, 9m (HECURHO—EASBRTE L7 25 R
R RRTE Ofakr 2 EhEE L C DO XM A TT 5 Z &N TE T2

WD bV TEE LT 7 B OBIFLRE D b RO T RAINEEL L ¥ —% 1m X
T LT LTl & ORIl S A b RV O RRRERR TR L 7R R A E-3.23 1R, B
A, R AU OB SR D HILIREEZ S L, SURARET DBEOEEL L
THIA SN, FHEADMEE EHEFs 2L & 3R L, HlS@oMRHESND. FElER
260m T LIEEIAFEL =1L =DV NS < 72 D S URPIRHEA IR 220, BEAERE 310m
FHE GIANAFELL = 2 L =P R EL R L LUPRHM AR bR < 20, MEBOEMIT LS —
BLTW5.

Im X[ Z &) LI RAARE = 0 L — & IR R OBR 2 SR N2 — 2 T L (T
T TCEFR UTREREZR-3.24 1R T, 2O bRV OIR N F — L REIRRE T R L
—ORRIE, 7 DO OHFED 100~400J/cm’, D I DHFEA 200~5001/cm’, CH DIFED

300~1000J/cm® ORI H 5.

i J£U 340
EEEHEE(Im
-3.23 I AREH o oL 2 — L UIIREAR 5 0D Hee

600

mX D FIEAABLE T ILF— (Uem?)

H-3.24 1m KEEHOMEIER T %L 35— & U920 5 0 B

38



UUEND, BIFUREIC X0 RO TR = L X — 03 OPEHi R AR 5 5 Z &
TR = EFNGEN BN E ¥ botz. —F T, R — xS T 5 IE I AfE
FNF—OHFPFITER Y G- TNDHT20, HBEIRREL T R F =05 3f Y — B RES
DT LI LW b oTn. E£7, A 2 ROMANRRE = L X — 2540 0 6 Hi L 2 B
R4y LT2hs, fILKREEOZITEHETH S Z L BHEIFL LA — U v 7R oL oyt
53R % TE R ORI R D L ERH 5 7.

ZOX DRI END, RFFETITHERALSEOHIFLIREI ZFIA L TR —Y > 7 oHL
DRV E /340 2 HEE$ 5 RIS OV TRET L7e. TORNEITE 5 BTHEA 5.

39 £i®

KEDOE LOZLUTIIRT.

i

1i.

1ii.

1v.

HERY 7 X O8I, A M e VT NEE L CAERSND. 2090
THREEERE A BT BRI — U IENRAE L, HIEHRICIREN S RAT 5.
HILAEEE 72356 Tl, HLOB AR & <=L =2V
D, By OBHE R Y 7 X2 ) RKIFETRLF =PRI R E 725,
W, HULUAEE RGN, HLOBEARIIN S BT L F =R E
Weh, RETRALXT—=INSL< b,

WMERY ZHZRNOERA N BU v 7 ay REFTET HRICHA LTEHEO
BEPEZ 1L, Ey MR L CHULOBFMIIHE S1LD. BFHIIEE Sz
—HE OB NME RV 7 XIZRY, XU EBOX B JETRE S
L. ZOMEEICEL Y X TIEICIREISEAET S,

HI LR IR A AR T = )L — (2 X D HIIL OFFMClE,  HuLeReE S 2 b
HNLE % B E L B Cx 5. —FC, AUCHMLEZEIFLLZBETDH
HIFLIER EE IR A AR L = L — DfEA R £ 2 & 06 BIFLIEEE IR A AR
Hx kL —% [V CHILOJEARTR S 72 EOMMEEREE LHET L2 &
DNEEL .
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FHA4E MEXBISED Z v FTERSZFIM LICERER S OfEEE

41 IR - BB

RNV THRICAWSNAEEOME KU 7 2120, #ilZHIFLd 2B LA S OE
NEWINT HB-41 DX D 7p 0 EERE L T D, —iREVR S o/ 38E1T, Hliis
SO RINT HIEREZ FFOX L BV T EA M b, ZONBICEBINTND T 1 —
FEEOHN LD bET/NSWATr Y RS T Y TER b, RIZT 4
— NEBEIC L 2@E OB TRRELIIBETH, 7y v v 7R MU EN RS Z & T,
FIROE Y NEEE LT A 2 ERNFREIC AR D, ZHUC KD By hoBEEESKIEICH
L, #HiLoOEFEREZ R Ed 2 2 L3 AREIC e o 7.

HIFLHF OHIAS CIZEA hUBR—EOMETEEI L Ty 7y RETEL TR,
'y F BN RZE SN AITEZ XL X =3 —ETh L LEEIND. FTEZRLF—
D 9 HLHUL OB HE Se o o —ERRFE I NF— L7 b, ZORFETHRLF—
ey b, By R, RV =T ERELTHEHRIICRY, HEEAOY Yy Z7my R, 7
vV, Tyval AN EGREL T UE VR N OJEETHREIND. Hl
OFFERIZ L > THRHCIHBE SN DRV —NEDD Z LD REZFLX— LB L,
FOECDORE INF L E U TEOQENEBE LTHND. T7hbb, HlFLROMILA
WETHLHITLE, 1LITEH OHLOBIHIIEE SN TR F—DVNE <, RETX
NXF—=BRELRD L TH UV TEOEIMRIENRE 25, ZOFITHILAHE T
boH EHILZHE SN D =R NF—DNREL R, RETRNVF—=DVNSL 2D L TH
YV TTEOEEIRIENN NS D ZEBNEESND. ZOZEND, XUEVTEDE
NEBDORE SEFHET 5 Z LI L D HILOMEKOREAFE LERETE S EE X T-.

HUEVYE
ST AR Y OE T E AN

ooyl Jwia EXk

X-4.1 MEXHPEHKD & dEE
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o JEICER LIEiEROHILGHENRL[2ITIE, U6 TH e T ER B
UHBENTHZEICL DX VBV TED Ly REREIR A T HERANLNTE Y, H
W5 DI RNF—IZLDH VB TEOEMICER LI HETR»ro7 36 XY
v 7EDRERE] SHR) .

RETIL, ¥ 2 &2 7 OIEEEN—E D Furukawa Rock Drill Co #:-H34HE A e HD210
% PR CERMESR S D3BEA T db D RBRIROHIFLER ATV, ZO X v VEDIRENEIED
RE S LEMERS OBMRAZBHA OGN LT, MILOERERS 2 TRIT 5 HE2RETLHZ L
AL Lz, £, EROBBIRHEIL T R X —IC L R L, BELEED
HRMEIZ W TRET LT
4.2 fEEEMILZ RV B FLER

HIFLEBR CTIE, A 2 FREM ORECE LA O 0 IRED SHIFLE TORAEWM 2
BRDHZEICEYEMRSORLDHEBELEEL, b2 MEXHIEHROITEE, [
BAIE, 74— RE, ¥ TEREDEBELZ T A—4 L LT, HIFLFEOHIFLIEE
WIEZ: EOBIFLT —Z Z5HR L7z, BREEKRZ L ICKBIFLT — % OFEEZRD, BERED
JEAESR S & DOBIRIZ OV TRz, 73, BIFLERRIT 2 B/ CElE L7-.

4.2.1 RBEORME

ERERROBYEIZIT, 2 HORGHEIEZ 9457 1 v 27 (100cm X 100cm X 100cm) A58 L 7=.
ZoHb, 1EEOHFLERICAWEG 7 8 v 2 1 (Test rock block 1) Tl, JHERHI
EHEIC ¢ 127mm Oy hEEEEF L, —ED 6 DFTHHIEE 40em OHIFLEITY, E-4.2 D

12.7cm ¥¥v7EILEIL
f>]

i 100cm
/\t'_~ \'.'.'j
L7 ﬁi‘ﬁ%}k’j’}l« 100cm
. / L’ TECOEE i
< — 100cm ——/ A—— 100cm —»
H-42 E“Hr7ovr1 B-43 AHG7mv7 2
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EOWTHIFL L= A Bl U CHIFL L= Z=FLicafkE e 2 (B A 2 R REBH) ZFREL
THRBRAELREL. £/, 2[EHORIFLEROEAT =~ 27 2 (Testrock block 2) T,
—MmED TP HIERS 70em OHIFLEAT > 7%, B-4.3 O X 5 IZAIFL L7222 FLIZERMETR S
DR L 3HEOENLZ L (BAV FRE(M) 2ZNENOFEE S 20em (2785 K
9 3ENCATTHRIEL, K EEIZES 10em OF v v 7 HE/NLZ VA Tl U CRBR A% 5
ELT=.

422 EBRFGE

1[EHOBIFLERTIE, B-4.4 IORTEOICIEZ 9B 72 v 7 % ¢ 127mm O E vk THI
LU FLUZENAZ L FRE L TRYE L7-3BRIK C % ¢ 65mm O B> k& T 80cm D
FEE CHHAIFL L. HIFLT 5 EL X VEREBRA C OIEMERS 22L& 5720, EALX LT
75 Thr, 6hr, 24hr OFFIERE (BAERRM]) ROMBRELZE~C-1, C2, C3 L LI
FHELTCELZ NV ERILEBZHANWT S AKOT A FE—2AZ28EL Tl E, HIFLERDOSE
R & o T —BEMERBR A T 572, &®-4.1 17T L 9 ICRARMS 1hr, 6hr, 24hr
% DIEAESR X1 23.0MPa, 33.3MPa, 43.0MPa L7272, F£72, EIIEZ 9 HORBRKETH
B, R=V 7L VERT vy 7 hba TR AR L, BF L2 7 O—8TEiERR
MHAEZ 9B DEHETR S 1X 1874 MPa Th o7,

2 [ H OBIFLER T, B-4.5 287 X912 ¢ 65Smm O MZ XV AKFEHIEIC 3 FEEE
DENHZNVEEAED, B, A LAEZ I BFDOHIFLEZIToT2. EALZNAFABRAD, B, A D—H
JEAER S 1L, |41 1R L D12 65.5MPa, 10.6MPa, 1.1 MPa TH v, £ Th, iEHE,
o, TRMHILICH YT 5.

80cm 80cm

i: 4 i | 1

40cm @64 100_| 90k > ™ 200m | @64
A A et e
/ Evk / MECI=E Eub

HERYTZ : T]z_’km HBEFYZ4 B A -T12.7cm
ECOEE = Entmin, el m et =
FREELAL FOVTELEN | S rEE L e

M-44 EH67vy7 10OHILEE @ E-45 S67 0y 7208 FLHEX
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Fx-4.1

AABR (R 0D — By AT

=k — i [ g i
R | S5 (MPa) o
(hr) | No.l1 | No,2 | No.3 | No4 | No.5 | E¥fE
A | 672 [1.08 [1.09 | 1.04 | 1.06 | 1.12 1.1 ALy BlEMEZ 57 Mtypel)
B | 672 |10.91 |10.82 [ 11.12 | 10.86 | 10.85 | 10.9 | A4EEM:ZF7 Mtype2)
C-1 ] 22.11 | 24.10 | 21.63 | 24.24 | 22.95 | 23.0 L ERLRE 5 b
C2| 6 |33.88(3332]3322]31.28 3492 | 33.3 B L S
C-3| 24 |4341 |43.01 |44.26 |41.76 [43.09 | 43.1 BRG]
D | 672 |63.39 | 63.49 | 66.85 | 66.73 | 67.06 | 65.5 Ty BEEZ 5™ Mtype3)
E - |187.23]187.64| - : s 187.4 ZHE
=42 HIFL7r— R & HEEOMESH:
S A I RER{A TRE | [ERE | 74—FE |[FrEVSE
7 =2 X
&R (MPa) (MPa) (MPa) (MPa)
S1 C-1, E 15.0 8.0 5.0 10.0
S2 C-2, E 15.0 5.0 8.0 10.0
| S3 C-3, E 15.0 5.0 8.0 10.0
S4 C-1, E 15.0 5.0 6.0 10.0
S5 C-2, E 15.0 5.0 6.0 10.0
S6 C-3, E 15.0 5.0 6.0 10.0
Tl D, B, A E 13.0 6.0 5.0 8.0
T2 | D,B, A E 14.5 6.0 4.0 6.0
T3 | D, B, A,E 14.5 6.0 5.0 8.0
2 T4 | D, B, A,E 14.5 6.0 6.0 8.5
T5 | D, B, AE 16.0 6.0 4.0 6.0
T6 | D, B, A, E 16.0 6.0 5.0 8.0
T7 | D, B, A, E 16.0 6.0 6.0 8.5

*—BHEMEIE: A (1.1MPa), B (10.9MPa), C-1 (23.0MPa), C-2 (33.3MPa),
C-3 (43.1MPa), D (65.5MPa), E (187.4MPa)

423 JWERY 7 XX BHIAEE

HIFLEBR DAL — A2 R-4.2 T3 . LTEIHOEAT vy 7 1 2 FAWHIFLER T,
RBREDEMFRSIC L DX v BV T EOESOIEEL B9 L LC, TE®E 15MPa, ¥ E
V' JE 10MPa, [F#RE% SMPa lCEXE L7c. ZAUIxL, 2EIEOEAZ 2 v 7 2 ZHu
THIFLERRCIE, FBRROENETR S B LOMEBIEIC LD 4 v v VEOEBOHER % BH)
& LT, EERES 6MPallfhE L, FIBEX 13~16MPa, ¥ BV E% 6~8.5MPa [Z%
fbsE7-. HIFLERICIE, B LZIUE b p v ol TICHER Sh, s HECE LIS
$fLTC, FLEAS O AR D DI WHIFLREBR TE LT a7 VX U /\NEROEE R Y 7 X
ZRWE. WERY 7208 b ettikER-4.3 1277
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HIFLERR ORI A B-4.6 |~ T. (@IX KU LY ¥ R ICE#E L 7-mEREI % caa~
727 ORBEEZHIILL CTODRILTH Y, OIIERBOERT 0y 7 ORI TH 5.
4.24 FHERE & BRI

HIFLEEfE OB HEHAIZERE 70 HA 7 v > 7 A R-4.7 (2R3, HERHIEHEOERE
BRICRRE LoEE o —2 AW TITRIE, FisE, ¥ v 7E, 70— REZFHT
5. Flo, 74— FEBICREATIWMEZRER I — (FTA—F—) IZLVFHEIL,

£-4.3 WEXHIEEOI b 21k

RU=7 2B FRD;HD210

FIBE (K fE) 17.5 MPa
FTEH T (R A 2.900 ~ 3,700  bpm
[l (B KA 21.0 MPa
[ i 3o 0~250 rpm

(a) HIFLIRDL (b) BIFLEDOEL T v w2

X-4.6 HA7 v 7 OINEX

T W L2

F—H oA — I

. F AT LA
HERD 7 =
- AD 80
I a8 I T o
kv I N Es,

m¢|l —
HEE
7Y v

®-47 HILBBEAFHE X7 AOFIT 0 v 7
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MEL Y —DO/ VL AEENLHIFLEEZRD 5. FHANY, HEE U —0OKRK SV AEN
77 1,000 VRS TED Z 0 b, FHOY 7Y v VB SkHz 12 LTz, T —
B eN— N7 4 A7 \Z5CekT 5 L [RIRRIS, BIFLEREE T 0.5cm X 2 & OFTEE, BlHEHEE,
74— RE, FrEC7E, HIFLEER L ORAIERELE = 0L ¥ — O EAFHE L, Al
FLEEdE Eic7a b L7-.
4.3 HIFLEBRORR
43.1 X v v JIEOIREMRIEME
EHISE) FR-4.2 1 TR THIFL — A S1 OBFE OHIFLIERE Sem (2B 54 B JFED
P2 A2 4.8 |ZRT. UL DORFEINZ L > THEL L X B ZEDOIRENE, W
OLDOEFBEHICER Y G2l D. ZOXI T U T LERORE S E2RT
BE LT, BEXREEE G5 e T RERMNORKRE L f/MEDZE) v —27 B — 7|
(peak to peak : 1 JEH5 DR OHRKE L R/ MEDZE) 72 E0nHY, EREEOLGEICH
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