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Research on the Prediction of Roof Geostructure Using Drilling Mechanical Data

ABSTRACT

An analytical model for drilling process was proposed to describe the relations among physical
properties of the rocks and mechanical data. Based on this model, a drilling system was developed.
This drilling system can measure the mechanical drilling data and predict the geological conditions.

1) Development of the analytical model for rock drilling.

In this analytical model, a drilling process is divided into continuous cycles, each of which
includes two motions: feeding and cutting. Feeding is treated as an indentation motion. A linear
relation exists between indentation pressure (thrust) and the indentation depth (penetration rate).
Cutting forces and frictions of both the rake face and the flank face are examined. Especially, a
virtual base is set to the model to simulate the contact surface between the flank face of the bit and
the rock.

Some relations among rock properties, bit shapes, and drilling parameters (rotary speed, thrust,
torque, and stroke) were deduced. According to this model, drilling torque consists of four parts
generated from cutting, friction, feeding, and idle running respectively. Similar to torque, specific
energy also has four parts from cutting, friction, feeding, and idle running respectively.

For this study, the effective specific energy is defined as the sum of specific energy consumed by
cutting and feeding. It is more useful to evaluate uniaxial compressive strength (UCS) than other
parameters are.

2) Development of the drilling system.

The hardware of this system consists of a drilling machine (Trussmaster Series) and some
instruments to measure mechanical data. The software can analyze the data from the mechanical data
and predict the geostructure of roadways, rock physical properties and discontinuities of the strata.

3) Laboratory and field experiments.

Some laboratory tests and field experiments were performed to verify the usefulness and
effectiveness of the proposed model and the drilling system. With the mechanical data, the rock
physical properties were evaluated. Meanwhile, the specimens taken from the fields were tested in
laboratory to get their physical properties. The predicted values were agreed with the measured
values.

4) Visualization of the geostructure.

An application of VRML (virtual reality modeling language) was developed to display the
predicted geostructure of roadway in 3D. The strata and the discontinuities (cracks, boundary faces,
etc.) can be displayed.

The results of this study show that the drilling system is useful and feasible. Our future work is to
improve the prediction precision and to apply the drilling model to other types of drilling machines.
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Figure 1.1: 2009 world energy consumption (BP 2010) *%
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Figure 1.2: Global reserves-to-production ratios, 2009
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Figure 1.3: Concept diagram of a MWD system
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Figure 1.4: Concept diagram of a typical MWD system
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Figure 1.6: Complex and diversity relations between rock properties and drilling data.
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Figure 1.7: Rock mass classification in respect of structure and strength®2®)
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Figure 1.10: Relation between physical properties and drilling rate
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Kahraman et al."*“}3, top hammer drill rigs (F v 7/ "o~—FUA U 2) 2FHL, 8
M OA G CTHIFLRBR 21772\, HIFLEEEE (PR) L HAOMMEME OBFRE Lo, Hl
FLEREEDS, —HERERESC, SIBRIREE, WMEGREL, JRERMTHERE (point load index), = 3
v "N~ —OHE (Schmidt hammer value) & IR FRIE  (impact strength index) @
I, ROHEFIBIMRZ @G LT\ D,

PR =-0.00790.+1.67 , r=0.97

PR =-0.0830:+1.67 , r=0.91

PR = -7x10° E+1.61 , r=0.60

PR =-0.096l; +1.60 , r=0.87

PR =-0.037Ry+1.60, r=0.90

PR =-0.0461SI +4.85 , r=0.72

Z I T, o T —WhEMEIREE, o (X5I0RRE, E ITHMEAREL, 11X RE R, RylEv = 3
v "N~ — OB, ISHTERRERIE CH 5.

Kahraman et al. **2iZ, W< OO Xk 57— % %51 L, %60 modulus ratio (Young
e —HIEMRE D) LHFLEREOHBEBEGREZ R Lz, LavL, HIFLT—2mIZ,
BRERA R0, i LZERABRE T2,

@ FEA DR & ARRE T R L D BR
HA OV & RS R L X ORRICET B3 e LTI,
- HIFLZ RS LT % (Teale, Hoberock et al.™*, LaBelle et al.**, Scoble et al. -*®
EREES )
- roadheader DI % %14 & +% (Balcietal. ") ;
S A RIS L 3% (Tiryakietal. ™) ;
- BZE %% LT 5 (Basariretal. ) ;
- Ul %% L 4% (Altindag™*?)
DIREW 2GR L EFENT 5.
Teale" I AREL = XA FOMEELRE L. Teale 2LV, HBHEEOLE(LIT, RET
DOHIFL= R L FIZL VML TV A, BENT OHEIFL= L%, #ET — 212 L0 kX
THRHES.

F 2aNT
Es=—+
A Au
ZZC, Es IXAREEL LR, FOIHES), A LTHIFLWrEAE, N XEEEE, TIXhL2, u
ITHIFLEEE TH 5. ABFETIE, 1HZHEI= X, 2HZMEEZT RLX LFES, (K
tbmxovix, HE, by, R EHIFLEE O 4 DO BEE M ENOHE S, &
M EORAHRERAZRLTWS., T7hbb, HlIflMEZKML T,
F72, Teale 132 < OERT — X5, KRBT 1V X Ox/MA & 254 O —fill EHE TR E A3
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Hoberock et al. 3" (%, Teale DFIEITHESNT, By bRF A—FERDD 2 & E2MET,
A B DA AR A HEE T D FiEARE L. LavL, BlIaBRIC X 2 EEss &
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SREENE U CTh D AlREER & 5.

RS DMITIE, GUPITFERRAER AR L2, Gu 1F, HIFL= 3 X OEB O JFRIZ
HADYMEZ T Tide<, RUREATH, HOOEMIZL>T, =XV FLEHET L
TEERER L. ToEMBIE, #HEOOEENCLY, By hEEAOEESS, UIH, 7y R
DEFBICET DX AXHEETHEERLCND. £, HIFLAT A =X ITEET HH
KL, HIFLBEOFELE > b ORI & BERERREE, #oKE, BEE OBES LR Skkx
Thd. ZNoOEBER OB, RATHLD, HIFLONFETVEBEST L L
IREECTHS. 22T, Gui, ==2—F L%y U= ZHWT, BNRBRIC X 2 HBEH
Rz EEMICHEE LT,

Scoble et al. ¥, HIFLIC I THRE L = L3 O A BB 1355 5 O 3R D28/l B L
TNAHZEZEHALMI L. EEDL Y%, =4 - =D v a VIRENCET 5
o ROV X O e AIMEDE A O — B ERE R & KM BT AR ES . ZORRIT
Teale DfiH & —ET 5.

AR = X LI 2F8E, HIFLICIRS T, FrxR—Y 7 ~v—2 (TBM)
L — K~ % (Roadheader), &< 58§ (Cutting picks) (2 Xk 2 aafiElicB VT, &
PNTTRoTWS. 213, Balci et al.™x, 23 FEOAAITH L TEREITR, #ED
Hritz M Tr — Ry ZOREIARETE = 1V F O R E (R/ME) &5 OREMPEED
FERABAMR Z MR L, S AWPEE D v — R~y X ORI = XV X2 HEET D HiEE RS
L7z. Figure 1.15 (AR =L EHBEBGRAS O 2P EEZ R L T D . —@ilEiE
SR B 2\ XS [ BREREE & OFIBIERS E O T (Figure 1.16), ZAUL72 1 - T H — il AR
FoHHWIBIRBELAHE T2 LNTELLEZLND.

Tiryaki et al 9%, &< EHEEZ V-2 OENRBR ATV, BT LR LS AR
FEORBRIZOWTEHELSHRE L, W ik XofEESRE R L.
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Specific cutting energy (MJ/m3) = 3.60+0.17UCS(MPa) (FHEIf%%% 0.723)

F7-, Basarir et al. N3, (KFELLT R X0 DA ADOEIZIEEZHE S D HIELRE LT,
MR = R L F LRI AWV EAMMEEORGRE £ O TW5 (Figure 1.17). 1Z& A
EOYMEN AT =L ERIEBIFRIC 2 5 Z L 2kl L7z,

HATHOBNZ ST, Altindagh*1%,  TEAONEMEE ] 2Kk X S5 ICER L.
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2

ZZTIE, By Matk, oo —EWEMETREE, o1 SIEEETHS.

REELE = p L EHEEE & OMBERBFRER D Z E 2 R L. LvL, T—ZiZWn< o
POXREZFIH Lo, HIFLT — & &1, MEERKNGES 0T, Hi— LKL AL
TUNZRUY,
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Figure 1.15: Relation between physical properties and specific energy (Balci) -*®.
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F2F EEGAIAAN=X L

2.1 [FTL®HIZ

iR CH LIS 2 R RS Z O E S a G O EEHET 2 2 8 (BE) &, ¥cE
FPEED HHIFLME (Drillability) 2 719 2 MEIIAENICF L TH L. T7bb, HIL
et & A A E RO ABROMIATH 5.

T E TOHIFLE = &S A MO A RERIZET 20 TIE, AFEGIEICBE L T
ERICE DAL FER TH L. ZOFIAT, O5aWHEELIIEST 2, QHIFLIEER%Z Fhi,
Pt 2 sodk, B, HET D, OWBELYMHEHEORREE LD D, OFH O E L
YPEEORMRE LTE, BEUROITIC L2 ERADREN — K TH 208, I, ==2—7
NEy NT =7 REWMDIITO LS RFELISHIN TS, ZnbDFEE, HikE s
YIEEORMR 2 RBRXNTR T FETHY, EHNTEIH L0, HILA T =X LZDLD%
O M L TWD DI Tldzau.

Z OWEE MRS B 720120, HAHFLEGRICE SN S &2 2 0. Aallflixe v R
& e OFRHEENZ L IEI%:EEJ: o 2 fEICT b5, By hOREICITEIEIR
v b (drag bit), %4 ¥E> Ft'v b (diamond bit), =—>—t" > k (roller cone bit),
PDC £ k (Polycrystalline Diamond Compact Bit) 72 E23% 5. HIfLEE L &y b oI X
ST, HIFLA D =X LR ER 5. KRR T, BESXHIUEZ 5L, O e Y ho
HIFLEE R 2 e L7z, AT T, ToMEICHOWTIRRS.

ZOHTFEORIT, EAHIFLEGROESIL, o¥rET /v (analytical model. &7 /WD
WT, BIEIEER A L) ﬁ)%ﬁﬁﬁ%%/ﬂi@ﬂﬂ%”%%&i&&@éﬁfﬁﬁﬁﬁ%Tﬂ/ & Pp->T
. E, BUEMET GRS, KV IERICUIH T n e 220 L, Y Rab—varTh
TENTED. oL, BUEMHT LT, WM e S EoEREz e LY, &
bT 22 L3 L. —0F, BUEMAT FIEICHAT, i ET vid£< @{}iﬂi&ﬁu%a
Fr, FRNTOREIEICRIER D D0, AT /MTEIEIS, AEoME, A6 0mEE, ©
v MO LB E L OB OBREZTR T2 ENTE D, LIen- T, UHIZTrEAD
FRIZIBNTIE, STET AV EZAWIZFED AR THS.

EE@JI%J'H?E @ﬁn e B EIHIEGR A B LT D, @ UIHIERE & LCTIE, Merchant

#d H. Merchant BEARCIE, MR IRAUCET DR, flEs%ET 5 Y (Figure
2.1). Z OEFETIE, MEEmE O AN BBEHEE L &I RT S, EAMBHEO
HAMTRELBZ 5L, YIENMENG BT 5.

¥£7-, Figure 2.2 12753 XL 912, Merchant DFFHFIIU FOR TERDb &N B 2D?2,
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time

Figure 2.1: The failure process of metal cutting®?

Force diagram Velocity diagram

Figure 2.2: Single shear plane model of Merchant*?

e (2.1)
sing

Z 2T, Fsixt®AW /I, AciZUIEIWIEAE, SsiXEAWTRE CHD.
SR OREES & LTI, 1960 A4E{RIC Evans 3B A ATEL L7-. Evans O L

ST, BMIETLENAEAICEAT LR, SIRNVSIREE LB 2 2 RHRENEET D
(Figure 2.3). Evans DHEFHIIC L 5 &, I FRRoRIc k> TEHETE 5 29,
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Figure 2.3: The failure model of Evans®®

p—og N0 +9) 22)
1-sin(@+¢)
P: JKEHET)
t SRR

d: UIHIES
0. B D4
&: THE L noREEfA

Pars *NIEBRBIERICKE SN T, SO OBIESYEERIE T, EfEIESENm TR H Y,
AW NEAMREZ B2 D LIS VW) BGmAEIRE L. BEvans @ TE A I
LT, PERaoA A UIEIEE G XM 22 SR EIEI 0 L 512, IEORITF A THERA I YIEE
A2, BIS<BOLND LI oT-. 228iTlE, WEREREFIITT 5.

BB, RS HTEDEIZ & LT, Gunes et al. 22 DF%E 2<%, Gune et al.l®, £Ex 7
GIHIREE A = R LDET N EBLE L, N EAOMAERPEERE 5720, EfEIC
BT PN N 23 T 5 Z e N TERVWI A TEL, BURSITIC XL v EIES FC %
AE L. MROBRBRIILL T THS.

FC = -24.504+0.5135s+1.873d+0.249f+0.227W-0.154 «-0.047q

T, tIIBIRMEE, Ss X AWERE, d IFULBARE, fIXE Y FEAABOME Y R

8, WIEE Y b, aldd <OM, g I WERRLCH 2.

2.3)
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2.2 FENIRER DALES

2.2.1 GIHE %j—:

PR EEG ClE, UIHLERZ TR X 9> Tu\% (Figure 2.4).

Step 1: B > NI L 2 UIHINBHAA.

Step 2: B v Mok & A A DEFE, JEE. —HMOEADIERHREIREE LI - T
By FOREITKHAE ST, RN 1225, 2 OmEE F%—m&’m&ﬁﬁiﬁj & BT
N5, @RUHNCHLBETE IBRTHD. WM EIOE A b EEINHEIEER N AET
5.

Step 3: By hDOIESEEBRIZL Y, Y OEAICENENEET S, EHEB—FHND
Fr~FRL, UEOREKT 5.

Step 4: FtW\WTE Y F3BENL, FIALHO FEIC TR aE 2B 2. U)E
DA D.

Step 5: IRDHA 7 WD

Pr|mary Secondary
Crushed Zone Crushed Zone

Figure 2.4: The failure process of Nishimatsu®*

222 N1FETIV

PR DAY )22 5 v % Figure 2.5 1279, Table 2.1 121%, &5 OEKE RS,
ZoWrmKIlE, HEABTERIHTZV O NFERER L TND.
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-z
ﬁ+¢j-1T/2
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Q
(@) (b)
Figure 2.5: Geometric and mechanical model for rock cutting®®
Table 2.1 Meanings of signs in Figure 2.5
Sign  Meaning Sign  Meaning
D, Friction angle between the bit and rock R Cutting force per unit thickness
Main cutting force of R (equivalent to machine torque
B Blade angle of the bit P
if consider the distance from the axis)
d Penetration per revolution (PPR) Q Back cutting force of R (equivalent to thrust)
' Angle between free plane and failure plane 6, ¢ Stress components of failure plane

HeQ LA P oRRAUL, TRED XD ITHKED.

Q_

p=cPrh) (2.4)
— I aqapaz DIy DR RAEITIR AN TERT 5.

Omax = (N +1)SinTl'//- R-cos(y + B+ ¢;)
e =~ 4D SR sin(y + 4 4,) @3)

72720, nldSHafifteiichH 5.
TR 5122V Tl Coulomb-Mohr DR A5 &,
1-sing
2 COS ¢; 2.6)

T ARWTIE X AW Sy
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o MWW O TEE S
Co: “AA1 Dl EAFRE
@i . %E@W%ﬂﬁ%%}g%

K(25)EXQREIMAT DL, GHITIRIE
1 1-sing, d 2.7)
= . N . N . 0 .
2(n+1) singy  sin(y+B+4+4;)

2725, LorL, 22T, RIZwlZEoTE&LT %, R OF/IMEITRES:

R _g o, F Bro+d
Sy V=5 2 (2.8)
T X Thb. FOROROR/MEIZRATHRENS.

1 1-sing .
“n+1 1+cos(B+4, +4;)

d-C, (2.9)

HeHEMENE, UTOLIICERED.

1 ‘(1—sin¢,)sin(ﬁ+¢j)'
T n+1 1+cos(B+d¢ +¢5)

1 (-sing)eos(Bedy) o
TN+l 1+cos(B+d +;) 0

d-C,
(2.10)
Q

H(2.10)IBNT, By FOIR, HLEES (mmin) &AAOWMERE (NEEEA, v
N &E A DRSS, BRI AR BN—ETh D LIRET DR, #7& MJE 1M
— B EAEIRE I LT D Z E R D.

ZOX NI, WEROBEGIL, EAUEI A= X DTHESWT, UIEI R E & ST 0w
HE DOBREZFGRAICH LN L TWA. L, lEROET LTI, By hOSEIE O
R A 2 T, F, BROET VA AOUIEIZxSRE LT D0, HifLiEke
IZBITA2E Yy hOED Zfi> T, RO TIE, BIHIEE Y hOkD D 2 >D0EE) %
EOTHIILINTET NV OBFIZON TR D,

2.3 HIFLAMETILDORE

AHFFETIE, HIFLEI & &5 A OMMEE & OBIMR A2 HERIICIRI 3 5 72012, LT D5y
WrETFTNERRET .

2.3.1 HIFLiEfE O BiZE
Figure 2.6 |Z/"7 & 9 2@l A 7 #5808 EE (KEYENCE VW-6000 L > X VW-Z2)
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Ao T, HIFLBRZBIE L. HIFLBIEE EAR— Vi (B2 B13RH) T, By MIUIH|
B Wing £~ ~ (D4MB-1628-26, #M% 28 mm, Sandvik Mining and Construction #) T& %
(Figure 2.7). HlfLxt&iZL A TdH 5 (Figure 2.8). #iEis A7 L% Figure 2.9 T/,

TP OWTITH 3 ETHHT 2.

Figure 2.6: The high speed video camera with a microscope (KEYENCE VW-6000 Lens VW-Z2)

(From: http://www.keyence.co.jp/microscope/high_speed/vw_6000/index.jsp?c=s_name)

Figure 2.7: The Two-Wing bit (D4MB-1628-26, by Sandvik Mining and Construction)
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b) Hole 3

c¢) Hole 4

Figure 2.8: The bricks used in the experiment

WATAMETER OATA
U_RD PTD-1 RECORDER
MOTOR ~
MONITOR |:|
TORQUE SENSOR
D SS-200
|
HIGH-SPEED
MOTION ANALYSIS D TACHOMETER
MICROSCOPE aged
VW-6000
- - | ROD
LENED BIT PO'[F)I_EI_I\FI,'[IDO_I\;I\SOESTER
VW-22
SPECIMEN 1=
O [+]
- O
° 0
J AMPIFIER
LOADCELL
LCN-A-2KN

Figure 2.9: The drilling process watching system
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HER—VELE Wing ey FEH, Lo TORIFLIBREZ & D A Z £ & e °Hl
WLz, vy "Na2FHEhCRL, #BE3RE21T/o7, g E % 1000 fps, v v ¥ —A
B — N4 1/4000 RIS E LTz, ZORER, BT O X5 ZRHIHLIBREAH LN o7z,

a) By R EAIEAINS.

b) 2 v ROMBEERICK LT, AN ELEMEOBEIZEL2WOT, By hOEmTNAE
HAOFTIED B, By hONEITHHEEENEAEL, RUADBELDLEBZLND.
ZD, HNENBREIEIET . RES, BUNMEBENSREAE, BN eUE SRS
(Figure 2.10a)) .

c) WHINNAAOREICET D E, By by RONHEMET RV DB AR S
oD, NEOEADRFTHNCHBEE L, SRREEAROH T (Figure 2.10b)) . JRFTHEE D 7=
O, BIFLERS T (B BB ESND). By PRy MIED, HAICEASH, &
DY AT M D.

ULEOBERE R % Figure 211 ICE 205, FARO@)IE, EABRTHY, O)IEL, Ev b
Loy NOBMERZRLTWAD. (O, RAMEICLY, SLRUIERRRIHL, v b
DRSS,

a) Ceasing b) Bursting

Figure 2.10: Two snap shots in the drilling process
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“ 7
a) b) T

Figure 2.11: The failure mechanism of brick cutting process.

c)

2.3.2 4 HIZIOZEALIZ SN T

2.3.1 (TR HIFLEEE 2 VY, 580 rpm THlEHILZ T o 72, T Ok %E, fREEE
2000 fps, ¥ % v & —AE— K% 1/6000 5 CHkEi L, HIfLEME (2 he—2, @Gk,
Heh, tro, 7)) =% 7V U )EE R 10kHz TRigk L 7=,

FEoINT MBI B DT, RERTIIESTORDVIZ, M7 ZHIE L.
Figure 212 (29 L9212, MAZIFEBIICZEL L. vy REEy NOHMEERE &b
(2, M-I EH- U (Figure 2.11 b) OARAE), JRPTHEEN AT D0, F L7 IXBREFIZRE
9% (Figure 211 ¢) DIRHE) B2 6Nb. T7hb5H, M7 OEMRNZENE, Figure
211 OFIFLIBRRE EFHFfIL TR Y, BHIfLBREOZYEEZ LR L TWD. toifeE bR CHE
ERELTWS 0 oL o o, BRI BlxE 1 EEE) hrs s
[EHRHE N —E TH HD, WL, by & RESEE RIS TS. Znk)
R EE DN T, LU NIZEAHIILD A I =X L% atd 5.

0.75 Decreasing of the torque when
Increasing of the torque when the elastis‘, energy in the rod
the rod and the bit are elastical and the bit is released.
twisted.
T oss A A W A W A
F W \/\} v
o
>
o
S 0.55 A A
S o. \/Nﬁbﬁuﬂwrxﬂjﬁj{j A
0.45 . .
50000 52000 54000 56000 58000 60000

Time [ X 0.0001s]

Figure 2.12: Torque of brick cutting process.
2.3.3 HlfLiafEDE T 1L

PR oBER R 2 IS, HIFLIBRET LV E2RET 5. Figure 2.13 (R4 X 512, HIfLiE
FRIZE Y FOk Y EE) L GIHNEB) O A 7065, By FOEYERNX, By b
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Bit

R2

Figure 2.13: Cutting and feed movements of a drill bit.

DOEITENZIR > T, F L aalcdviALEE TH Y, CIHESNL, vy hOBEESTHIC
BB 2T 5EE CTh 5. Figure 2.13 TiX, 120OEy MILHHILBREEZE 2 5. d
FHIALES (mmi) TH Y, hiT 14 A 27 H7=b ORIFLES Th D79,

d=h-n, (2.11)
2725, 72720, n X1 EHEHZ D OV A 7V TH D, s 1Ty b2 1 [FHEE L7 KED [
JE G M OBEIEEE, r I XEEERETH D, 1L s ORI s=2 zrin, WA TIHEITE .

2R, (2.12)
nC

ZITRIFE Y hOIMETH S.

ZOETNMCE ST, AFLIEENIE Y 0% D EE) L OIHNEBNC T b D, BROE
FEIHI PRI O HERNCE A CTE 525, By FOED FEEZZE L TRV, KIFZ5ETIE,
VIR DYIRIET VA2 LT 2 Z kY, BT otlifhafze7 b+ 25, vy hoik
ViE#X, A (indentation) <CHfFHI (grinding), EEIE (crushing), ¥t (smashing) 72 &
DOIEREZ G/, RSO THZ ENEE L. LovL, /NUHIABETHIILT S
LA, h O#FPHIE, 0.1 mm LLTOENRETH L7, By hOEYEBITEAL LT
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L5 2 LN TX B, AL TIE, Mateus’®OFEAETTFTLEEAL, By oy iE
BEoird 5.

2.3.4 VEIROYIHIE T /L OYEIRIC K 5 UIHES) O 4535

PR OEIHIE T VI, s A ouHIER e LTROLNATND. L, HIFLEFRIC
JISHT 2 72DI2IE, AROBEER LIS E2BZ R TERLRVWOT, T VEIET 24
% . Figure 214 [ZYER LB 7 VAT . AROBEAOEIHIET v (Figure 2.5) &
ZIEFRCTHHH, AL REER] 22 Twsd (BH aa). 2T, MRARE
i XOIHIPEEICEE L TR Y, NS T E2%T 5.

Figure 2.14 1213, a3l T < WIEHT, aa MBEE CTH 5. UIHITmO P LHS Q I,
chEn g < Wil & AREEICEMNT 2 D2 W TRATERES.

P=P +P,

2.13
Q=Q;+Q, ( )

72720, 22T PUT T WEOBEIGE OS], QUi T WHEIOE Yy Dk Y FE D

BHTHD. ZHUTK LT, Pyl ZRABE R OUIEI G D411, Qu iTABJERI O E > h Dk
D EROZIITHD.

E Primary Crushed Zone I:l Secondary Crushed Zone

Cutting Direction

(@) (b)

Figure 2.14: Expanding of Nishimatsu’s model.
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PR LI S IIE b o720 T, K(2.10)A2 KA TEXET.
1 (1-sing)sin(S+4;)

1= d ‘Co
n+1 1+cos(B+d +¢;)
(2.14)
1 (1 sm¢)cos(,b’+¢)
Q = d-C,
n+l 1+cos(B+ ¢ + ;)
AR TERED.
P =k-d-C,
(2.15)

Q, =k-d-Cqy-cot(S+¢;)

1 (@-sing)sin(8+4¢;)
Thel 1+cos(B+¢ +¢;)

kiTty MEIREETPELBRDA S 2B TH 5.
PO L D &, By bOYIH] & RIRFIZ, Figure 2.14 (2R L7z IR A 72 il e fE ik
(Secondary Crushed Zone) 2AERk SN 5. Z OBEGERIIE Y FOEANBREIZE D EIGE
T 5 &, TOBOUEINIE, AAOEEMEREICIEIT S Z LD (235 ITEH).
AEFFETIL, IRE e BREEIR O T RGEFR CYIHI ) & AR AR 3 2 B ) & R E T
%. %ODfE'/c.\, KFET) Py EES) Qp 1L — M EMEIRE (LB 5. (EHERE (R
FAEIR) IRIFIEERDT, Pk Quiik N THEED.
P, =k,C,
Q, =k,Cy (2.16)
ZIT, ks kIR THD.

2.3.5 Mateus DFFR & B b 0% 0 EB D434 20

231 TR K51, HIALOE y ok @B IR 22 7 OEB Th 5. BT
21X, By oY ERNC X vy MIEAZYIVIAT. LrL, EEOUIVIAD AL
SALEEEBET DD il%ﬁf&;é vy ho% v E#E, EA (indentation) <CHFH

(grinding), EE{E (crushing), ##E (smashing) 72 & ORYEEREZE&Te7-0, TEAIIZHY
W45 EREELV. KIFETIE, By Xk ESZEARETS. EAICET 5 HH
& LTI, Mateus OJEAB GRS 5.

Mateus et al. DFER & FEFITKR O L 51272 5. Bha (—HhERETERE X 15-210 MPa THh %)
O 2L [ Z Wz, ZNZENOREIO NS 5 mm OE S OB A ERI L=, MikE
SYEIL, BN 4mm LLEORER R 50 HLL AR Uz, SRR OO M L AT IS TS
ni-. &REOrEA 7 2 —%2HWT, 001 mm/s DJEAAE— FTEAFEIA 0.3mm
2725 F CHEARBRZIT72 72 (Figure 2.15). A > 7 — % —OMIEOJeimilliTEeE. 1
mm T, IR 05 mm Thod. mELEAEIZFHL T, JEAKE IM (Indentation
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Modulus) % &5 L7=.

N

©ady 2.17)
IM: JE= ALRE(KN/mm)

AN: fiEDOZA LR (KN)

Ady: JENE S OZEAL & (mm)

IM

LOAD

INDENTER

INDENTATION DEPTH

'
S

ROCK

Figure 2.15: Mateus’s indentation model>®.

BAMMED N T HOERMERZOHELEZR LT, BEOEARREITRoTND. —
HhERETREE & JE AR D BRI 217720, ROEIFXEHF TN D,

Co =k, - IM (2.18)

72720, knlZEETHD. ky=17.38 (MPaxXmm/kN) .

ZoXL, EAOEEMEIRE DN EAMRE L BB NI H L Z L2 RL TS, 22T
DEMNMEEOEALT KN/mm TH 5 A, MPa/mm (2T IUE A ERANCEADI R A2 T D L&
Z 5. AWFFETIX, Mateus DJEABGRAHEHA LT, EAREISZEAL, WMEOLE(LED
RIS OE R TET.

IS = AP (2.19)
Ad.
IS : JEABRHEE

Figure 2.13 IR THIALAOHTET VI WT, By MEEARBHOA 7 o4 — & Bz
L, XR1)ZEHT 2 &,

Qi /b 2mR,Q,

IS
h bds

(2.20)

2%, EXTIE, BAESYVDOEABELZRL TS, 22T, RQR.I8)ITHEV, —H
JEAFREZRT &, ROLIITkeD.

38



Co =Kk, - IS (2.21)

2L, ke ZEETHD. JEAEE Y NOUBAD A =R LT R 5720, ki & ki /A
2 %&, By hOFAEROENIRATEES.
kitb-d.s.CO

27, (2.22)
By b ORI O BEER 1%
kiyb-d-s-tang;

.CO
27R, (2.23)

Qf =

P, =Q; tan¢j =

272 5.

2.3.6 HIfLD Fvo
TRETOMITIE, BIRLPOE Y b ok EB) & IESES 2 43 1 THHF LT X A,
EEEOHIFLIBFE T, WEIIFRFFCE Z 5. 20845 0ME G RO J10OFIE
P=P +P,+P,. (2.24)
272 %, M7 OFBFNIRATERYES.
T=E%a+g+m)mHm
(2.25)
T ZEHARFOHIFLEED h L7 .
Ri: By hOWNEE.
Ry B> R DAL,
{(2.14), (2.16) & (2.23) & (2.25)DALITRAL, BHT DL, M7 OBFNITRATE
SN5.
T=k,-d-Cy+k,Cy+ksb-d-Cy+T, (2.26)
=771,
« - (R'—R’) (A-sing)sin(5+4¢))
¢ 2(n+1) 1+cos(B+¢ + ;)

2 2
(BB

Kii-s-tang; - (R, —R; )

27
R TH L. ZHOOBREIIE Y MEIRDCERRE, SAMEICRES. By MRRE
FEFERENFLTY, HAOHEBICL-T, AAONHEEA @ L, HALE Y NORO
FEEM @) HHIRHDT, ZNOORENEIT H. L, —ilEMREOZIEIZ A~
5 &, BEOBRITENT/NE W 2D 2070, v MEk L EBREREN - EDBRAIC
X, RE ke, ki, k& EEEHIED.
K(2.26)I2 kD &, HIFL v o T 4 >OE B0 5.

f =
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@O I F v kdCo ;

® vy FRTHOEE N LVY KC ;

@ vy by EINCE S hL7 kbdCy ;

@ HIFLBEDZEHE ML T

TRV, B by O L —BERETRE A EBIRRICH D Z E RN D.

EROHHLSHTET L ERERIT 1 SONERSE Y MZESWELOTHS. By b
I n FHORND 2 H5EIE, AR —ETHIUL, HIFLERS (mm/) (X1 5ONDHE L
FLTHD. Linl, BxDOHHEHTD ML2iE Un 18/k%. 2070, HOBIEL
T, AOMBRSCEFRENAT 5 LB 615,

2.3.7 HIFLIARE L =L
123 Tilk~72 k912, Teale" 3 A = x L ¥ 2k A TEH L.
_F 2T

A Au (2.27)

ZZC, Es AL oL, FoOdHES, A THIFLWEARE, N iEaEs, Tk ks, u
THIFLEEE CH D, AR TIE, 1HZHE = RXLX, 2HZ AR XL X LIS,
Figure 2.16 (213, %£/N Gujarat NRE No. 1 (i T1772 - 7= BURBHIFLERER 220 1 il Th 5. #E
TV F AR R LF OF) 1/20-1/60 [T X720 2 L3R S L7z, F7-, fthod 11 3
DIIZONT L, FEABEMHR SN, Thbb, Ao xLX 2Rk TIE e
Thb.

Es

_ 2aT
Ad

Es (2.28)
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‘ —— Torque Specific Energy — Thrust Specific Energy
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Figure 2.16: Comparison between thrust specific energy and torque specific energy.

K(2.26)% RX(2.28) I AT D &, (KFELE= VX Es LHIFLIES d (mm/r) OBfRIT

A d

Es +k.Cy +kib-Cy) (2.29)
272 5.

L@E2WB)CEDHE, HUOE2HE (BENLY) L 4TE (22 ML y) [ THILIES
(mm/r) [ZHMSETHD. £72, KR LD &, K= X Es EHIFLIES (mmir)
d OICIE, RIFIRERH S, RUREIFAMEE ©y b &> T, FUHIALSEED T T,
AL XX FEFLES (mmir) di k0 A&7 5.

AFFECIE, N(2.260)DA DO 2 (B MLV Y) LH AT (ZEd5 hvr) (XHIFLICEE
OOV DT, ZHEBRWELOEGR MV T (T RS,
T,=k,-d-Cy+k;-b-d-C, (2.30)
BN AL - TRHET DR VL, BEREL = %L X (EEs) &S,

27T,
Y (2.31)

EEs:%g(cho+kfb-C0)

(2.32)
N3 LY, HHERELE = 2L T 8 BRI ET 5. T70bb, AR=x
X DEAO— I EMEREZHE CEZ DI AR L TN D.
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2.4 HIFLEmLATAVEY FEY FADEA

AW CIRE LI-HIALERIIA A VB FE Yy h~bBHATE S, ¥4 VYEVFEY b
DAL, FRUEFNOBH LT=X A YEY FRFR 1 OOEHI R & 7285 (Figure
217). ZOREOHIIL MV 2RQBNCEVETZENTE S, 221, R(QR26)DHLD
% 3 HEICE, By MOEKHORME & ENTRY, NEOBFIZLHENEGHI~O
WRENMT S, XA TYEL Yy NORFIIBRELT 52, UIEIE & Hig, B LWkiT
W~ R w7 ANGRAZBEMNT DA TH L7280, 2IRIZE Y N OBEERENHIFL h Ly
\ZH-ZDBENDINEEZ L. Thbh, ¥AVYEL Ny NOEAICE, BELEZE
L CHRWD, ABEmO b (3EHE L THx5. ¥4 VESFE Y FOHIFL RV
T RO LI IIREIND.

T=k,-d-Cy+k,Cy+k;-d-Cy+T, (2.33)

ZIZT, k, k& kXZAYELRE Y bOUEMERE, By b EEAOBEREK, EA
BREEIC K DIRE DR CH D, L= R F L FRHEREE T X O EAT

Cutting direction Cutting direction Cutting direction ~ Diamond

Diamond Diamond
H
Rock ds<H
a) Contacting b) Cutting c) Clogging

Figure 2.17 Cutting process of impregnated diamond bit

27 k.Cy +T;
Bsm—r %Jrkcco +kib-Cp) (2.34)
_ 27 (k.cp +k,C
EES—T( ¢Co +kiCyp) (2.35)
Les.
25 REDFELED

ARETIE, ERICEHEET A AT 2T, GHIEE Y & OEERFH] LS 2 #1523
BT EICEY, BN EFAEHE L. UUFICE DN R R~ 2.

1) BRLEET UL, HIFLERAHEGA28H & ©y hOkY @ 2 SO TR

2) DIHEENCOWTIE, FEROUIHIEGGICESE, vy hoRklC ARER] ZIKE
L, MRS 2H# LB 25 L.
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3) By FOEVEENIEAMELE AL, Mateus DEABGBEAEHA L. By b MK
AEE ] OEAEL, 'y hOEy i) & —liERERE ORI LT

4) Yl vy hoXYEBZGDOETEEL, HIFL bLy SRR R L OBMR A
LT,

O "I BFNTEIEI MV s, BTEOEE NV, ©y bOED bV EZEEE RV D
A ODET DK T 5.

© FUC LT, HIFLOKREL= L%, WA, BEEE, By Ok RIS 4
DOHEENGR 5. RBITHOBEES) L HIFBEDOEIRIC L D V7 TR L ¥ LD b7
W T D .

@ AMARELE =R AFIE, By bR HEIZMNSITH Y, —8lEMETREE & R Hfs)
BARRDMEAET D

5) 2R LIZHIIL ST A ETAZAYEL RE Y MIEATHZ &Ik, EF LU
HERLTZ.
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AMPLIFIER

46



Table 3.1: Specifications of sensors in laboratory MWD

Mechanical Data Model Number Rated Capacity ~ Producer

Torque SS-200 20 Nm ONO SOKKI CO., LTD.

Thrust LCN-A-2KN 2 kN Kyowa Electronic Instruments Co., LTD
Stroke DTP-D-500S 500 mm Kyowa Electronic Instruments Co., LTD
Rotational Speed MP-981 20000 rpm ONO SOKKI CO., LTD.

Power PTD-1 U.R.D.Co., LTD.

33 VIMVDITIVARTL

FHH L7 7 — 42 % USB A€ U T—HRICIRIEL, HIFLE T2, v Ea—XITHRiET 5.
T — Z WO FiALE Figure 3.3 1273 LU FHAGIEY) (FREELSK 20 MPa) % FIV 7= HIlFLE
BRDF— 2 %F& LT, H£AT v TOMELZHIATS.

1) gk L7cTr—% (BIEE) 2ET — X IZE¥T 5. Figure 3.4 (XEEMEDO 7 7 7T
oD, WA LK% Figure 3.5 12”7,

2) HIFLIE LR O T — & ZHIFRT 5.

3) MEEEMICE Y, —EOHFLE Bz, 1 mm, 10 mm) B R EEZ KD 5.
ZoMBZ XY, #ET), tovo L HIFLEE OF% Figure 3.6 1287,

4) —FEOHIALEFICHIILES (mmir) CERFELE =RV, ST M7 E DR R & 1T
e, REREZM T 5 (Figure 3.7).

5) ARE A HEE, ki ONE A BT 5.
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ASCII data of voltage

Useless data deletion manually

Convert ASCII data to physical data

Physical data: stroke,
thrust, torque, revolution,
power

Average values of
mechanical data for each
interval

Specific energy,
Torque/Thrust, Penetration
per revolution...

Prediction UCS, discontinuities...

Figure 3.3: Data process flowchart
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Figure 3.4: Mechanical signals with serial numbers. In this case, the frequency of sampling is 10Hz.
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Figure 3.9: Relation between torque and PPR (a new bit).

Table 3.2: Slopes and intercepts of the PPR-Torque lines

Material UCS[MPa] Slope Intercept
Gypsum 0.3 1.01 0.03
Cement 6.5 5.93 0.63
Brick 12 11.06 0.63
Ore Rock 20 20.99 0.84

Unit: mm

A7

b=0.1
= =1
(Anewbit) P70° b

Figure 3.10: The two-wing bit and its reshaping.
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Figure 3.11: Contact length and PPR-Torque relationship.
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Figure 3.12: Drilling specific energy in depth-series
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Figure 3.13: Drilling specific energy VS Penetration per revolution.
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Figure 3.14: Specific energy VS its average value.

ik 2) : AMEREEE = R X 2RO BHITY > T, ERR ML ZEO RS Z LN TE A
WG, —EOHIFLIES (mm/r) 23R Lo if it r L ¥ &2 k35 71k CTh 5. Bz
iX, 0.05-0.125mm/r (ZXHid 2 BB ORI = RV FPEE A i 5 2 L2k Y, HY
LES (mmlr) OFEZRS ZLIXAHRETH S, T ORER % Figure 3.15 [Z/R” 7.

4 Gypsum M Cement A Brick < Ore Rock
600
‘E Comparison zone
L)
= 400 //
(o))
o Bfn s
AN
S 200 IR S
o I A
n
0 BN ¢ (o0 ®
0 0.05 0.1 0.15 0.2 0.25

Penetration per Revolution [mm/r]

Figure 3.15: Effective specific energy (EES) VS Penetration per revolution.
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Figure 3.16: Effective specific energy.
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Figure 3.17: Pregnant diamond bit (Asahi Diamond Industrial Co., Ltd.).
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Figure 3.18: Specific energy & Specific power.
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Figure 3.21: A crack and Torque/Thrust.
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VAT KON TIRRD. ROHE 5 FETIE, Trussmaster Mark I & Mark 112 H\C, i
JERMETREE DOHEE & Adfe iz & O 2B 2 FiEBR ORE R A MG 2.

PLFICIE, REEgEREILY 27 LD ORIz >WT, L FONEIZER RS,

1) KEBREAEIILY AT 5O/ N— KT =T AT AOHE & R

2) KT =& -0tk

3) Y7 hu=T7 VAT AITMS (Intelligent Trussmaster System) DL

4) VT T T VAT ADERERE

42 RBBRERAIA S ATLON—FD T

INETIC, WAL 323931, FTRO L DI 3EEORERE ALY 2T &% B
L.

1) HIEXHIFUE A B R T — & g o 2 T 4 %D

2) JEAGZE KB ERL AL WOMBAT M &7 — & g o 2 7 1 %9

3) PR WOMBAT Rk &7 — & 1 o 2 7 4 %9

AR TIE, ULEoE S 2T A0z S/, REREHHLY 2T A
Trussmaster Mark I & Mark 11 ZBi%& L7=. Trussmaster Mark O ~— N7 =7 1%, HIFLE%,
oY, F—FuH—THRSN5 (Figure4d.l).

HIFLEEIZ DWW, Bl od 3 O KM E HIHIFL > A7 L DBA%E T, Cram Australia
Pty Ltd #E8ES AR L N FTE%FE Wombat, Hydromatic Engineering Pty Ltd Sl EAR L b T3%
% ARO Cable Bolter 2 X— Ak L L=, v AT 2O RWMEIIMERR S 7245, Wombat (i /A
PEICKRE 2R H - 7. AR TIE, BETBINAS 25N Rambor Ltd #ED AL T
A% Trussmaster 1 P/N TRUSS001-1828 tf B/ (95 2 U —XE—& —) Z~_— AL LT
H+sZ k&Ll
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BANIIEBEOTIRT — % v —CTRBEZ1T 2V, —EDOFHh A 572, % DOEROHI LI
% Trussmaster Mark 1 EFES. RIZ, T—Fah—%&H, "— KU =T OB EEX -
7o, BB U7HIFLE % Trussmaster Mark Il & /5. BAR, =EIZ Trussmaster Mark IT DRk %
T 5.

Z OHIFLEDZE K ER#E % Figure 4.2 [ZR9. [BHRE — & LT — X ZBEEh T 5 JEAEZS
KUTMSLHNZHAE SN D DT, bAZ EHEDITZE W T L2V, Stinger Z IR « RAZIC
R TAKREZEE L, BN S LEIFLIEENJRETH S (Figure 4.3). £7-, 7r—
TN MTRICH RIS L TV D, HIFLE O T84 Table 4.1 12777

F7o, MIRHES), A hu—2 LEEEEEA GRS 28T — 2 v —DftkkE
Table 4.2 12k L, ETNENDOIEL % Figure 4.4-4.8 (Z~9. T — % 1 7 —OHERkIX % Figure
49 ITRT. 4 DO FICEVEFENTZT—21%, T—Zul—I2LY AD Z#Ih
USB AEVIZRIFIND. ZDOVAT AT, HIFLEEBEC G 27 — % & IERECEUS T
L7728, 7Y 7R E 1 msec £721% 10 msec ICHETE 5. £, ZTOTV AT AL,
2y RBAEEE L TWRWERHTIAILZ TR > TWARWE AR L, T—Z v 7—ZA#MIC—
BRHFIET 5. ZOMREICL-T, AFVZENL, Ny 7T U —DiHEZBNTN .. USB
AEVIRIE LT T — X 25090 T PC ICHERE, #5126 L CTHEMT L T 5.

Revolution

speed sensor

I

PC — Analysis

. . . . Intrinsically safe

L
Torque sensor ] data logger
Thrust (pressure) (explosion-proofed)/
5
sensor -

Removal of USB memory
Stroke (position) l

— Data transmission

USB memory
sensor

Trussmaster Bolting machine

Figure 4.1: Configuration of roof logging system.
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CARRIAGE
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COMPRESSED
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® . —

Figure 4.2: Trussmaster Schematic.
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Figure 4.3: Bolting machine Trussmaster 1.
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Table 4.1: Specifications of the drilling machine.

Item Capacity Unit
Revolution 850-900 RPM
Thrust 8.9 kN
Torque 251 Nm
Stroke 13 m
Air Consumption 2832-3398 I/min
Height 1.8-2.8 m
Air Pressure 689 kPa

Table 4.2: Specifications of sensors and data logger of the hardware system.

Mechanical Data

Model Number

Producer

Torque
Pressure

Stroke

Rotational speed

Data logger

Torque Cell A2100
Model 522

Australian Weighing Equipment Pty Ltd

Setra Systems, Inc.

HX-PA SERIES RATIOMETRIC VOLTAGE Uni Measure Inc.

OUTPUT
NJ2-12GM-N

Intrinsically Safe Data Logger

Pepperl+Funchs Group

Ringway Control & Automation

Figure 4.4: Torque sensor.
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Figure 4.5: Thrust sensor.

Figure 4.7: Revolution speed sensor.
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WTT T -

Control buttons

USE memory
i ™

Figure 4.8: Intrinsically safe explosion-proof data logger.

DisPLAY <)::(> cru

D D I:’ AMPLIFIERS
& DATA

6V I.S.
INTERFACE STORE

BAT.
D ELECTRONICS
USB
INTERFACE
PRESSURE
POSITION j:

TORQUE
SPEED

Figure 4.9: Block diagram of the intrinsically safe explosion-proof data logger.
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43 XEEBREBREIFLOATLDY I FIT7ORT LA

INEE LTeT — 2 it U, Jaa O— Bl ERMGRE OHEE & ANdfem O E 29 5720
2, Y7 b7 ITMS ZBA3 L7z, ITIZ6 DDA T v 7Mbb 0, TOHNICH > T
TP ST R KB ORNA AT LR R T2 2 ENARETH L. 7'
27" 1% Microsoft Windows | CEI{ET 5.

V7 b7 O7ua—F ¥ — k% Figure 4.10 (2" T. V7 b U= T OREENEREO i H &
Figure 4.11 (27”9, ZOBEEIZEBWTEMNZ 6 DORZ B ATHDEN, Tk B
JIE\Z 5247 LT < &, Figure 4.10 @ Step 1 725 6 £ TOMHNT2bN D, FHEOFEIC
DWW, PAFIZik~%.

<Stepl: 7 —ZEADOLH >

BRANATIR O DI, NA TV =T AX =] THL. AEVHNOLD, FHllT—X1%
NAF VR xxITS) TTF—#u T —IRfFIND. ZONL TV T 7 A NVET AF
—IRICEBT DINENDH D, B ISNEZT —ZIIT AF—7 7 AL (xxxx.csv) & LT
RAFEN 5. Figure 412 1%, BHHEDOT AX—T 7 A LD THD. 77 AT ~v %
oy D, FHTF—2 L LTENSY L IVES, MLy, X ho—2r, HF, RO
BE& Cregksng. o7V o rmic, VoIV E SRS, (EoT, BT AEE
DHHLER 2 BHTE 2 (ZOfTHOZEICY 7 ) U 7HEE T LT L) S E
DR DORZE B % Figure 4.13 12777
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Flowchart

Legend
XXXX.ITS |:| Process
Raw Data (Binary File
e 1 e

Step 1: convert binary to ASC

Step 2: move useless data automatically

Step 3: move useless data manually

bxxxx.cut

Step 4: calculate mean values for each

interval.

v ¢ ¢
dummyz.datm M dxxxx.log @x/t@

ih_w10.dat ho_w10.dat
v

Step 5: classfication of rock types and discontinuities,

prediction of UCS and other properties.

Step 6: output the results and dlsplay of 2D/3D
geostructure.

flowchart By Li Zhantao,
2008.08.30

Figure 4.10: Flow chart of ITMS.




m Intellieent Truss Master
File(F}  Option 0}
File: |
Svztem Parameter .
File Select Sampling Time Adjust| 100
StrokeThrezhold |712 |

Ascii Convert

RemoveData(Roughj

RemoveData{Manual)

LogTransformation

ShowGraph

RotationThreshald -a0

Skip Headerline |713 |

Rod Connect Threshaold -2a0.0
Maowving Average Ii'-" |

Dizcontinuity Threshold ]—18
Crack Threshold Iiﬂﬂ [

Walue Count ]—5

Figure 4.11: Startup screen of the analytical software.

E1 Microsoft Excel — HODDD] csy

) IJr LB REE #TW BAD FROQ WD TR0 auEDW ALTH
NEHE 3G E 0T E %R P98 s 4] Z] | [5] 100 "@JEEMSF'Z"‘“J“JU a1
137 - A
A | B | G | D | E | F G

L 1 Vendor Ringway Control and Automation
| 2 [Model ISLOGEER
| 3 |Wersion Werl 1

4 |Hole Mumber 1
| 5 |Sampling Rate  10ms
| 6 |Sampling Points 0
| 7 |CH Signal Mame Min Yalue Max Walue Engineering Unit  Min Eng  |Max Eng
| 8 |CH1 Trusshaster Reaction Torgue 8] 300 Mm 4] 4095
| 8 |oH2 Trusshaster Drill Stroke 4] 1250 mm o] 4095
| 10 |CH3 Trusshaster Leg Pressure 0 10000 kPs 8] 4085
|11 |CH4 Trusshaster Drill Speed 0] 985 RPM a 9595
| 12 |Measurement Data

13 |Sample Number Torgue Yalue Stroke Value  |Pressure Value Speed Yalue
| 14 | 3120 0 233 5404 8]
| 15 | 321 0 233 540.4 8]
| 16 | 322 0 233 539.7 8]
| 17 | 3123 0 234 539.9 8]
1 18 | 3124 0 234 535.4 8]
118 | 31285 0 234 538.7 8]
| 20 | 3126 0 234 537.7 8]
| 21 | 327 0 235 537.2 8]
| 22 | 3128 0 236 5375 8]
| 23 | 3128 0 236 536.5 8]
| 24 | 3130 o] 236 5375 8]
| 25 | 3 0 236 537.7 8]

26 3132 0 236 537.7 8]

Figure 4.12: ASClI-converted .csv file.
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Figure 4.13: Typical time series mechanical data.

<Step 2 : HIFLHF LIS DT — & & B EhHIER >
Step 1 TIERL &7z csv 7 7 A MTFHAGE R ORSRYIT — X TH Y, v v RAHEFCHIFL
#izay R& NI HEEOT — X 3MITIIIARETH S, Lo TINSDOARET — X 2 HIkR
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TOHOMENDD. £, HRESLTT—XZ0OMBI& b1T4 5. ZOEEITASMIC T
bhsd. W7 7 A4 id axxxx.cut Th 5.

< Step3 : HIFLHF LIS DT — % O T8 X B HIER >

I FLIZ LR 05— & % Step 2 THEIICHIRTX AR WVEANH D0, T@#h L vl
%. Figure 414 1%, FEILVHIREZIT RO HEOT 07 200 THD. KM ET — 4
DRERIND 7 Z 7 % RIp3 G, RERISZRIRL, HIBRT 2. HIBRLE%, ZoORi#%%
fEETHIENTED. W77 A /WE bxxxx.cut Th 5.

YL ETRERIIOT =2 MK T TH 5.

Detect Layer of Roof Data Cuttineg @

FiletF} EditE) Option{Q)

File [E¥thesis¥4¥ A EHRE FEE¥ R TV _H1¥aHO0001 cut X Gount | 2015 Start| 6916 End| 7909
=r =
|
— | ) [=
Gtroke
wer ] r
/ N
s
\\
p)
Tarque —
140 +
L ]
Thrust —
12000 *
Useless Data )
_ Rotation o
620 3
P
i Rl
\
W% i ]_l
¥
L.
>~ e -
3 1 8015 4

20042407 0:23

Figure 4.14: Screen displayed by program during data removal manually.

<Step 4 : K RHNT —Z MOEIFLRICKT 5 1 77— Z ~O 2 OS>

A ~ha—7 OFPEEZ HNT, BRIT — 2 M OHILRICRT 27 — X BHa1T7e .
ZITCHREIISCTCT — X OBENEAE G FEii T 5. BEIEIC LY, ®ERHEE 2R
ETHZLENTED.

F72, TO step TIE, EAMREMETHD MLy OHES), A bu—27 LR E v
T, ARG DOENRT A= (BlzIE, b7 D R RV X) 25ETD.

S HIZ, —ERMREICSEIREO B AR T L. AFFETIE, 10 mm GO & D
P A RO T2, FERIT oxxxx.cut IZH )95, Figure 4.15 1%, 10 mm B0 & E D 75
—X2DO—FITHDH. ZNLD, BEEHIS LT AR ET — % EAGDE/NT X
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—ZERDDHLIENTEI. £, —ERREICHEREOBE FHLHZIT R0,
dxxxx.tp2 (ZH T L7z, by 7 HE OBERESMIE, dxxoxxlog (2H 7 L7z,

<Step 5 : T — X ORI >

ZDOAT v T, BWET — & 2 VORG-S, SalriE, AaEE, Rk
m (A, @i, Rm) OMNEZHETSH. 2ETHRZTT L L HER(2.26)E(2.32)%
EOE, —EMBELZHEET 5. AAO—MiEMETREOHEEIL, 5 5 FICFEL <P
5. REfEEALE ORI GIEL, ROK S22 5.
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Figure 4.15: Typical mechanical data log.
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AEfEE AL E ML, Mo RENERWE, T MM oR T —2% 10 T
—ZFIIHEIL, ENENNEDNRZ =R T oD%, —a—TF 3y NU—27 (it
2ZM) THHWIZHWETS. 2k hwm%ﬁ®m7?~&io#68®9ﬂ&
— > (Figure 4.16) |2/ X 5. W@@ﬁ%gfﬂ ANGGT T, IO —Z X
D ARG & D DOHRI AT S .

No.0 (/3 S iz 0T, Afem & L.

No.l, No.2, No.3, No.4 O L6 bpafed 5 g ft & 45

No.5, No.6, No.7, No.8 BN\ 225G, Muhazi: 5

No.7, No.8 D ELLNIT/HEEN, TDROFNT No.3, Nod 2EE L, ZDAD%IC
No.1, No2 NEfit L7= 6, TOmRa@AELTH.

ZDE DG =B ENT, BROANEREEFT O Z(T25. hLr LD
HIZoWTIE, dxxxx.log ZFH9%. 774 /L ih_wl0.dat & ho wiO.dat I%, FajicHEL
BT — 2l LD =a—F N2y NU—7 OFREOMET —F Thod. FHgDONF
— U ORER A dxxxx.ctg & dxxxx.ana & L CHIT 5. R O E % dxxxx.fin (2 H
NT 5. Fio, —HhEMETRE OHEERE R A xxxx.ucs (IZH 17 5.

<Step 6 : FEFROH ) & FR>

B ET — 2 2 W CHEE Lo Hfgigis, T bbb aaihiE, SafEE, dEkim
(B, HhiPf, Stm) (e EofSR (REim & a8 ORR © dooocfin ; — il i 58 A
DFEHR = xxxx.ucs) 1%, Figure 417 [T KO T 7FRRICEVHERT L2 LN TE S.

[FIB T, HEOORIIREREOMEZRERL, FVBRIE MMM On 77 —4Th
v, B/ oMITERBOEERT. HEE IR RERENME GEAOAR) 128V T,

HAREESRAR (B 7 Of) BELL TWIIEEHRERTH Y, WMLTw&fhi%ﬂ

HIEr s s.

Mo.0 Mo Mo.2 Mo.3 Mo
MNo.5 Mo.B Mo 7 Mo.B

Figure 4.16: Patterns of geological structure.
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AWF7E T, VRML (Virtual Reality Modeling Language) % T, HEE L 7= Mg s %2
3 Wit THERTHY AT LZBFE L. Figure 4.18 %, HE#EE2 £ L7-#ITH 5. [FK
TUE, REO/NEKITH I EOBRAFR L, i IHERERA CTH 5.

—Log Data — Average Log Data of a Strata o Discontinuites
20
< 15
S
Z
2 10
<
=
S
S 5 !
o
|_
0 'o—o0
0 1000 2000 3000 4000

Drilling Depth [mm]

Figure 4.17: Example of sampled discontinuities.

Figure 4.18: Example of VRML display of the analytical results.
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44 KEQOFEED

KRETIX, F-ICBR L RBBREYILY AT ADN—F =T VAT eV T T =
T VAT BTN TR,

KRIEHEHI LY AT DD N— R 7 =7 27 M, B, oY, 5—FaH—7T
RS ns. BridHES, bvr, R ha—7, BlEEEO 4 50 KAK Aok % G
L, 7—#uj—TidkT 5. N"—FRUxT VAT LORHIL, LTOLITR%.

1) T—Fulh—%E&D, ~N—Ru=TOBLEX->T-.

2) N—2 I L7-HHUITER A TH Y, HENRE CTBEINES THD.

3) [ElRE— & L HE )1 — & ZBEEh T B M ZE ST M I s s, - T, ks
EHENEMSIRNIRETE D,

4) Stinger AR + KARICHEE L, 1=ME CHIALEEN ATREZR 729, BHIFEEN L 2ITIT e
5.

VT7 R U =T ITMSIZ LA E FEFIRIZL, UTO@EY Tho.

1) NAFVF—B 5T AX—TF — X | TEHh

2) HIFLH LGN DT — 2 % RrE.

3) WERHNT — & Zer 77— X T

4) F5A0 D — Bl EAETREE DOHEE .

5) == —F /)by MU —7 FEIC X D AHEK i O H.

6) HEE L 7o KAk & o w4k

ZRIZE Y, BAO—EERETRE OHEER, AEkim 0N E & EEOE AR5 Z
WAL T2 o T,
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F5F BGEFGER

51 [FL&HIZ

AETIE, 2 BTRELEHAL O ET LV EFHEX, LOE 3 B TRAAZENHABRD
FERICE DX, 5 4 BT KRB AT 22 HWT, TR E RINCBT S
HIFLERBR DOFERIZONWTE L D 5. KRS, HUB KB MRS 255 A O — iR E OHEE
e OVREE AL E O A RIS DWW TR 5. Bl B O 2 2 LU R IR 7.

1) Trussmaster Mark 1112 & % T35506% ;

2) §IiE a2 — L~ A ZF T Trussmaster Mark 1T 3455 FH 58 ;

3) %M NSW 4N Wollongong 374% > Gujarat NRE No.1 (&85 (BLF NRE (L5 & FESS) Adit
20 (2B F B Fhi L 7= Trussmaster Mark 1T O Ei5 K5k ;

4) [FIfRHLD RTV (Rubber Tire Vehicle) HUEIZ351T 5 Mark 1T OELGER.

T353R0k & BB T, Trussmaster Mark 1 & Mark 11 %M L7-=. Trussmaster Mark
L BIZT — 2 a =B TH D0, BGTE 57 — X AR Trussmaster Mark 1T
ERHFETHDLDT, MET AT LOBGENOT — 2 OFERED - OIfEN L.

5.2 Trussmaster Mark I 0) Ti5:AER

5.2.1 RS

TR AT DT K DA ERE i Ok & REEREE O LD 72912, Trussmaster Mark 1T
Z AW TR AT - 72, BANE5:N Rambor Ltd #:0 TIHETH 5. HLERBEORDY
ELlLTCavr—hrrmryr% 3 MEMEL, HILToTr—2NEEGEEH L. 227
— b7 vy 7 OffdE% Figure 5.1 1277, a7 V— Ty ay 7 | IMEORR S 2 FifE

(Hard, Soft) ®=> 7 U— R BARK STV 5. Hard J O Soft #54r O#f: % Table 5.1
(R, N—REE lem—2cem OFMEZ G A TND.

By MEER 27 mm (Figure 5.2), [E£555 mm (Figure 5.3) @2 ffEZ MW=, mv R
L, 27mm By MZEDHIFLOFHT 22 mm A v K, 55mm By M X 2HIFLO & i
AW 1 v RFZ Wz, By b, vy ROBRIIIT ¥ 72 ZfH L.

Figure 5.4 IXHIFLALE DA D3 — U Zord, FIRICIE, KEWETHE ¢ 55 mm OHFIFLAL
&, INSWVETIEL 027 mm OHIFLALE Z R LTS, Trussmaster Mark TTASIE B 7w
HIFLT 2 CoH 528, AlElET7ny 7 2 BB ST 572 DICHE S IC L CHIFLL7Z.

Ty ROMEIE L « ZZHITEICOWT, ¢27 mm HIfLOHA % Figure 5.5 (2, ¢55 mm
HIfLOEE % Figure 5.6 IR, TRXRTOEHAT, 227V —r7ry X3 EEORY
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R #aCHE I 7.
K70y 7B 5B Z Table 5.2 (2. £/, RERFFORET% Figure 5.7 (2%
I Bl oo 7 U — 7 ay 7 ORET-% Figure 5.8 1Z7R7.

73.5cm 53cm 73.5cm

cm
p0 cm
Block A
100 cm 100 cm
0 cm
Soft
0cm
Block B
51.5cm 148.5 cm
v 50 cm
Soft
50 cm
1475 cm 52.5¢cm
Block C
y

X Cutting

Figure 5.1: The concrete blocks.

Table 5.1: The physical properties of the concrete blocks.

Item Hard Soft
Uniaxial Compressive Strength 28.3 MPa 7.6 MPa
Tensile Strength 2.9 MPa 1.2 MPa
Density 2,256.7 kg/m3 2,000 kg/m3
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Figure 5.2: Bits used in this experiment (®27 mm, Left: Spade; Right Two Wing).

Figure 5.3: Bits used in this experiment (®55 mm, Top: PCD; Bottom: Tungsten Two Wing).

@ @7 ®
Q@ ®
e ® @

Block A

@ 2Q
9@ ®

®©®

Block B

2 @0
® ©©

5 ® @

Block C

®

Drilling

y
x(1§>—>z

Figure 5.4: Layout of the hole locations (Big circles are ®55 mm, small circles are ®27 mm).
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nd 4 L y) y) F
2" time |:| = ¢ - (: '{5’4 0.03m
0 2.23m - e
3 time |:|‘ 2 -
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Figure 5.5: Exchange of rods while drilling for those®27 mm holes.

Q15 m 0.115 m
0079m _ _ 1om . 0llm
—— NEChER
1 time ECCE—{ DR
L e— >! (a) Two Wing
Lo 1.375m
2" time ] ¢ | ¢ D E
o 2375 m g
3%time i1/ | ¢ | ¢ ) P
L 3.375m g
A 0.1m 007 m
1° time tl:h:u (‘( —
e > (b) PCD
b 1.32m '
2" time P! I T 3
AN 232m -
U I , , , L
3% time  Ey(T ¢ | ¢ ¢ ol 3
L 3.32m a

Figure 5.6: Exchange of rods while drilling for those ®55 mm holes.
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Table 5.2 Experiment conditions.

Block A: 9 Holes

No. Start: z Start: y End: z End:y @ [mm] Bit Type
© 25.9 27.7 247 24.1 27 Spade

@ 8.9 40.6 25 38.2 27 Spade

® 40.9 39.4 427 31.6 27 Spade

@ 413 13.5 417 6.6 27 Two Wing
® 10.2 11.8 1.2 5.6 27 Two Wing
® 21.0 14.0 21.0 11.4 55 Two Wing
@ 245 39.5 23.0 37.1 55 Two Wing
38.6 26.6 44.1 24.4 55 Two Wing
© 14.2 28.2 13.9 26.7 55 Two Wing
Block B: 9 Holes

No. Start: z Start: y End: z End:y @ [mm] Bit Type
© 23.6 28.7 243 325 55 Two Wing
®@ 8.1 38.4 45 40.3 55 Two Wing
® 41.6 37.4 48.8 395 55 Two Wing
@ 37.9 14.7 36.5 18.5 55 Two Wing
® 8.6 13.4 10.0 14.3 55 Two Wing
® 23.4 145 19.9 14.0 27 Two Wing
@ 28.8 37.8 Hit with D 27 Two Wing
34.4 26.4 28.2 27.4 27 Two Wing
© 12.3 26.0 6.1 25.1 27 Two Wing
Block C: 10 Holes

No. Start: z Start: y End: z End:y @ [mm] Bit Type
© 28.8 27.4 24.1 233 27 Two Wing
®@ 15.5 36.7 9.1 30.9 27 Two Wing
® 37.1 36.8 37.1 334 27 Two Wing
@ 395 12.4 38.8 35 27 Two Wing
® 8.7 12.4 6.5 3.3 27 Two Wing
® 32.2 9.8 Hit with @ 55 PCD

® 25.1 16.7 24.8 14.7 55 PCD

@ 23.9 40.3 15.3 415 55 PCD

17.4 248 12.3 18.8 55 PCD

© 40.3 25.7 43.8 23.2 55 PCD

$< Sampling Interval: 10 msec

¢ Unit: cm
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Figure 5.8: Concrete block A after the experiment.

5.2.2 AL HNLIE O H

WA S 339393z vy | X BB R B R /e & O E O T
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XY, THEABROT =2 200 LT, NERIMEOE 2R 7. RFHL LT, 7
0y 7 BOOT—XDH L, RET—XHIEREORERSN S Z 7 % Figure 5.9, v 7 Z5# 7=
7' 7 % Figure 5.10, RHEHENLE OGS % Figure 5.11 (Z7~9°. Figure 5.11 (ZBWCTHEN
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@ T/ LT REEALE & HE SN, 51T, RNEFEH ORI O hv o 1)) % g
L, —EOBMEIZEZ 2 &I A R 2R O R m & HE L, 2l 28RS0/ &
A2 FOBERmE & HE L. Figure 5.9-511 (2X B &, HHELIANTIE L HESED
AR<SIREI L CTWD DR bD. Ziuk, E= 27 Y — B4 (Hard) (Z21cm—2cm @
BMREEN TS THS. Figure 5.1 1T a7 U —h7 oy 7 ORFHKERL
TR, AEEIR ONLEZ EREICRIHTE TN D Z ERbnd.

S Voltage (v) |
I
4
] i .
3
2
1 I
00 Time (rﬁsec)‘ + 12000
Figure5.9: Time serial data (Torque/Thrust) after deletion of useless data.
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Figure5.10: Depth serial data (Torque/Thrust).
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Figure5.11: Discontinuities recognized by using Torque/Thrust.

5.2.3 HiufEiE D n AL
FEGE R ONLE Z R L7k, 2 TOT—2 5 VRML ERICE# S, Web 77 7T
FRNTHE RN R R S5, Figure 5.12 13X TH5RRBR Mk &> O HEE U 7= AR AL i o 1
WRAZRT. FMICRBWT, RAUTEM E AL FOBERE, KROOEIIIEEN RS o
Y7 ) — b OBEREAERT. ZDXHIZ, Figure 5.1 17T a7 ) — T m vy 7 oEidEE
BWILHNIR R T HZ LN TET.
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Block B

Block C

Figure 5.12: 3D display of discontinuities (Factory tests).

53 #a—I)L< A >IZHE T3 Trussmaster Mark I QOIRIFZHER

RIE S AT LERWT, b7 IHEINC X0 BESCEE R, HiEl7e E OASEGEHNALE OB
HFRVEA RS IE T A 72012, I a—L~<A 28T Trussmaster Mark 1 1%
AW =Bl R 21772~ 7.

5.3.1 AR
AHERBLG I = — L~ A >0 BiEde 25 SD @B CTh 5 (Figure 5.13, Figure 5.14).
KIEEEHI N D 3~4 mIZIIERH Y, 2 mAlEOAMEIZIE, a2 ahaRERH -T2,
ZOHUEIZEBWT, Figure 5.14 1R T E 912027 mm DOy hEHAWT 24 4L, ¢ 55 mm D
a7 % 2 fLHIFLL72. B v M Two-wing B ZfEH LT % (Figure 5.15). #£7), ~L 7,
MR, A b —2D4RTA—=F%, Yo7V 71 msec TEHMI, fodkL7=. 7=,
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Figure 5.13: Field plan of KUSHIRO Coal Mine.
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Figure 5.14: Layout of the hole locations at No. 2 SD Air Pit (KUSHIRO Coal Mine).

Figure 5.15: Bits used in the experiment (KUSHIRO Coal Mine).
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Figure 5.16: Scene of the experiment (KUSHIRO Coal Mine).

F7m, WERREZ R T D720, a7% 2 AHIFLL=. =27 A, B ®EHE% Figure
5.17 & Figure 5.18 |12, kX% Figure 5.19 & Figure 5.20 |Z/~9. HIFLEX, WIhoflb
5 mTHD. ZOMEENICAREN 2 BR 5, 27X RQD flin 6 & ikEs /e 8k 7
ETDHZENThoT-.

g Shallow

Figure 5.17: Core A (KUSHIRO Coal Mineg).
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Figure 5.18: Core B (KUSHIRO Coal Mine).
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Figure 5.19: Histogram of Core A (KUSHIRO Coal Mine).
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Figure 5.20: Histogram of Core B (KUSHIRO Coal Mine).

5.3.2 AELGTHINLIE DR

FRMTRESR & a7 AR—V 7 L OH#E % Figure 521 (237, 2 JLoaT7 A=Y 72k b
27 NOARERALE & TR 20 e T2 &, RQD A i\ & T ClaHfiiE S iz i
HELE GLED 2D 7ZnBf2 R o5, Table 53 1%, 14— Mo RQD fil & HEE &
MR O %A 3. Figure 522 1%, 1 A — MV RQD fiff & AN i {1 %> B
Rard. FXELY, RQD RE <5 &, HE Lo REREm OB NS <D 2 L03D
",

HEE Lo RS O iSRS R %, Figure 523 (TR WS R v 27 L MMLORLE,
B SUCOTHICHBE TE 5. F7z, M OHEE Lo HEEE, ThRbbry 2R b
LT > 7oL, HREER O b EEAN R T 5.
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Figure 5.21: Predicted discontinuities and the histogram of Core A&B.

(The red points represent the predicted discontinuities.) (KUSHIRO Coal Mine)

Table 5.3: Predicted discontinuities and RQD of Core A&B (KUSHIRO Coal Mine).

Core Drilling Depth Discontinuities RQD
Om-1m 0 89%
1m-2m 3 12%
A 2m-3m 5 69%
3m-4m 1 44%
4m-5m 4 44%
Om-1m 4 12%
Im-2m 3 26%
B 2m-3m 3 271%
3m-4m 7 30%
4m-5m 3 88%
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Figure 5.22: Predicted discontinuities and RQD of Core A&B (KUSHIRO Coal Mine).
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Figure 5.23: 3D display of discontinuities (KUSHIRO Coal Mine).

5.4 &M NRE & RTV [ZF T35 Trussmaster Mark I QDIRFHER

HA DO EMEIRE 2 HEE T D FIE LR RO UL 2 MREET 572912, Trussmaster Mark
% HAWT, BGHIFLRBR AT/~ 7=,

5.4.1 FRERI L
BB, M NRE (R$L0 RTV (Rubber Tire Vehicle) HiiEIZHWTHEfi L7-. NRE
RELIEA > R =z — 27 2434t Gujarat NRE Coke Ltd 23 South Bulli jk#i% B\ EY,
A% 17 4E 9 A TR DAFEEBIIA LT-RILTH 5. RTV HLiE L NRE JRELAHTHLER D725
WZHRHITP OSLETH Y, RIS 1/10 & AR D & DWHLE THh 5 (Figure 5.24). WifE
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DFAET D721, RTV HUEIXHLA S 108 m OHS X 0 AN #in > T b,

DAY HRL LY FREl, Y0 KV B K E 70~85 m DT CIT AR bi.

RERITZ
ZoHAITT< R

W2 Bulli (R385 DT, HIBELDRFHAL VT VO T W e PRENENLTHS.
RTV HUEDHL O OF1-% Figure 5.25 (2”7, ARt 17 KOR—U 7L zHIfL L7z, HIHL

25tk & ZR4RITATEER 3 O Table 1 12+

3-WW2
WWS Test Area RTV Roadway
N _
NN /
P \ /
PN \ / 200RL
<+ AN /
2 / 180
\\\
\ </ 160
.¢| d \ e .K
_ < RITV-Roadway = BH1 140
Bulli Seam ropos! W i\
T Balgownic Seam- -120.
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Figure 5.24: RTV Roadway.

Figure 5.25: Entrance of RTV Roadway.

99



5.4.2 KR RIL S &l EHEIRE IOV T

1) #EFEIZHONT
¥ 2 mTIE, AL ET VERE L, AR RV &5 O — il ERETRE O
BIpfRE R HEXEZFE L2 (X(Q232). ZoRXickv, FHRFELE= T L1050
O — B EAEREE A HEE T 2 R ATR AU 2 5.

C, =k-EEs (5.1)
Co : A+ DO —HEMETRE (MPa)

EEs : H#hAfELL =3 /L ¥ (MPa)

k : £R%K

KEIZLY, AIAREE VNS EAO—EMERELHETE 5. 27120, ki
HIALEOE > b, HIFLSEM (ke BE, #E0 hvy, [RdEOZEN) [Tk vk
FHLEHTHD. k IZHOWTIE, BEmMICHET L2 LIXNETH D720, RBFETIL,
RRT — X D OEMEIF I IV RO D, DT, BEGRBROT —ZZFHL, k 2R,
X (5.1) & 7= — Ml EAESREE OHEE H LA T 5.

2) —HEAEIRE & R 2L X O EAR AR O R D

Figure 5.26 |%, Figure 5.24 (/R L7-HIFLKIOHIFMIER TH D, Z OHIFLIXIEN G 14
Zf. (®55 mm, No core) DHIFLEEMWET —% L JENIZH 5 3 HFFL (D55 mm, Core) 725
BEL a7 oMM EE AW, —#liEMERE & RO BB EZ ko, a7HhEHEO
WIE LIS 1 TR D,

344 TR LTI L DT, HIFLIBFE =R & — 8l ERETREE DO BIFR A SR 2 72 9121,
BODHENRD L. KREHTIX, AMEBIE- L E2HNEFIETHEOREKREZRDT.
FIEFK D L S 12725,

Step 1 : No.14 FLOHIFLEEBEICOWTIE, A ba—2 vy, #i, [Hisgk%z AV,
HIFLIE S[mm/r=e bV 7 gD, Rt VX &35 L=, Figure 5.27 %, — il EfEsaE
AR (HED, bovs, BIHLES[mm], a2 ES, KR RLR) Ext Lz
MThd. KL RVF & —EMEREIL, REROEBEHMZ R L TW5.

Step 2 : 344 (TR XD, AR INI EZRODLERH DN, B> MEMHOEET)
EZEHE ML I 80 THIHNC G- LR WAy ) BT 2 2 L3 L v, ARIFJETI,
Figure 5.28 |2/ XK 912, 1Y Y OFIFLIES BE/NOHED bv 2 % THIFLIZES G L
R0y & L THo 72, Figure 5.28 (TR ML & 1 RS 72 © OHIFLEE & D BRI
BWTC, ~BETIZHDHE (1EEYS 720 OFIFLIE S 23 0.05 mm) ([ZxHET 25 kv
(FI5Nm) BNEIICHY L, Zhzx MLy ) LRESZ LT 5. 22T, Z0E
Zh vy BNR(2.26)D5 2 1 (BEEE NV Y) L ATH (L Y) OFICHEYT 5. b
IO VT | LWL 0% TH ML) & LT Tz,
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© ®55mm core

Figure 5.26: Layout of the holes.
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Figure 5.27: Mechanical data of Hole 14 and UCS (RTV Roadway of Gujarat NRE No. 1 Coal Mine).
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Figure 5.28: Min torque (Hole 14, RTV Roadway of Gujarat NRE No. 1 Coal Mine) .

Step 3: [HZ bV 2 | #HWT, ARVAREIE T $VX%25HE L7, Figure 5.29 (21, #
WIS BT RN F 2R LTS, ROBRORT LRI~ ZEMETAIEE CTh 573,
EEMEIN/NS L 2D Z NS5, T, 1EERY 720 OBIFLES VNS WEE, By b
JECTH DEEEECZEHE b L7 W= Z STk D,

Step 4 : No.3 f. (P55 mm, Core) HEEE L7 D, MAEHE (B P10 mm,
F&20 mm L EAEAP20 mm, £ X 40 mm @ 2 FEKE) 52 A ERL L, —dhEHEIRE A I E
Lz, AADIEL X LPERZELZENT 5720, [F CHFND TE 2T EEORE %
BV, Zhoo—dhEfERE DO E¥EE B> 7=, FIHCTE 2 —#EfREDT — 2 5L 16
72 -7, 27 & AR ORENE %2 Figure 5.30 [IR7. —EIERRE 2 & o5t
fii % Table 5.4 (27”7

Step 5: K —HEMIRE DT —Z LxfhT 2 AT RAFITH L, BURSHITEZITRV

(Figure 5.31), Wi#F OB Z £ L7z,

UCS = 1.0074EEs, R*= 0.6706 (5.2)

Z 2 TIE, UCS I3 —WhfEMERE, EEs ITARARLL= 2L X TH L. Rk 1T 112
T5720, ERFIRAD LS ITEEITE S.

UCS = EEs (5.3)
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Figure 5.29: Specific energy and effective specific energy.

(Hole 14, RTV Roadway of Gujarat NRE No. 1 Coal Mine)

Figure 5.30: Core and locations of specimens (Hole 14, RTV Roadway of Gujarat NRE No. 1 Coal Mine).
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Table 5.4: Properties of specimens from Core 1.

(Hole 14, RTV Roadway of Gujarat NRE No. 1 Coal Mine)

Shore P Wave
No. Start [mnm]  Rock Type UCS [MPa]
Hardness Velocity [m/s]
Al 10 Mud Stone 36 1422 35.9
Ad 120 Mud Stone 38 1290 455
A5 190 Mud Stone 40 999 38.6
B2 880 Mud Stone 40 768 53.7
B7 1220 Coal 41 1426 9.2
B11 1470 Coal 69 828 9.7
C2 2100 Sandstone 88 1769 35.8
C5 2320 Sandstone 29 1924 36
Cc9 2660 Sandstone 24 1292 35.8
C12 2820 Sandstone 23 993 42
D3 3170 Sandstone 34 2613 46.6
D6 3330 Sandstone 29 3017 131
D7 3460 Sandstone 30 2175 16.6
D8 3570 Mud Stone 25 1496 15.2
E6 4160 Mud Stone 24 1153 21.8
E7 4180 Mud Stone 20 3838 16.6
80
60 y =1.0074x L
R*=0.6706 " &
*oe

L 2
0300

o

0 |
0 20 40 60 80
Effective Specific Energy [MJ/m3]

UCS [MPa]
N
o

N
o
*

Figure 5.31: Effective specific energy VS UCS (RTV Roadway of Gujarat NRE No. 1 Coal Mine).
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1 mETlAE X ST, Teale® L RS ML, HAOWENCET D HRELT RLED
RIRMEIIBEO FIEIZL BT, SA0—EMRMEICHY T2 2WmEL TS, T2
bbb, KX(5.3)i Teale L EED O R L HET 5.

ZoREYFERAE AT, BT R0 b — il ERETRE 2 HEE T D Bl 21T o 72
ZORER%E 55 TR D,

5.5 = NRE [RELD Adit20 HLE(ZH 1T ARSI AL ER

KRG JE > 2T AOFINMEZTMT A 7-012, 2 NRE fRELD Adit20 S I IT A
Bk a £l L7=. 5.4 TROT-AERELE— 3L X & —filEfERE OGRS E VT, K
BB D — il [ EMETRIE DA & K, FIEOHNEERRGELT-.

5.5.1 FRERIE L

REREATIE, ATHEOH A (Adit20) 225 100~200 m FREA-> 7KK TH 5. HBRKX
WA T OB % Figure 5.32 1277, KICB W TR EBY .5 L7 K Tkl %2 306 L7-.
LB OBIEIX 5.0~55 m, &31X23~28 mBEETHY, HuEN D 7~8 m |2 1930~40
AR S V2 IBIUMFAET 5. JUEOMIBETIC — %N A bz, £, KB E
STWAHTZDITEHIFLNEE LWEFT G o 72, 20X 9 REEITRET, 7225~ FEKE4S
RIZPE S TT =2 5N D K 5 ICHIFLLE 2 P08 L=,

ABRIX, X5l 72 HYLE % Figure 5.33 D X 912 12 OXKIKITH T, EAZENLORKIETHEAR
FINZIE 3 AR, EBOMICIZZEN LV HAZ SHIFLL, BFFT4A8 RHEIALETTR 072, AR,
27T MM AN LA, 28 mm LN 31 A, ¢55 mm LA 154K, ¢55mm DT R—1U 7
N1ATHD. HFLEIEIN S m, T—%ad—n% 7V o ZEEIE 10 msec TH 5. Hl
LA & FESRIL AT 3 @ Table 2 (2R,

ARBRELS O MERBE A DR 5 728, Figure 533 ISR LEZKIEGIC a7 R—Y o 7 &5
M U7, HIFLAZE OFEMIX % Figure 5.34 I3, ZDOAR—Y 7 a7 OEHE% Figure 5.35
(2, FERE% Figure 5.36 (2. RARIIME DS, BEUE CTHEKS TR D, KXY 1~3
m TR BAF A RIETH 503, 35 m LA ETIZRQD fEHIK<, BALZAbNT.
a7 RI1$488m ThHot-. a7 O EETIXAKRN A L.
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Figure 5.32: Field plan view. (Adit20)
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Figure 5.33: Drilling zone. (Adit20)
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Figure 5.34: Detailed drilling zone. (Zone ® in Adit20)
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Figure 5.35: Core specimens (Marked are the distances from the roof).
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Figure 5.36: Core histogram.

5.5.2 —Hili EAfETR A O HEE

HI LB 7 — 2 & (GBI MW T, A= R0 0 —HhEMTRE ZHE T 5 FiEs
AT 5.

Figure 5.34 (2R3 HIFLXIH D 32 FFL (®55 mm, Core) NHERE L7 oWME L 29
ZfL (®28 mm, No core) DHIFLHEMET —# ZXtRIC L. FIHIZKO XL 5> TH 5.

Step 1 : N0.29 FLOHIFLEEM EIZOWTIE, A hue—2r° by, #i), BlEREZ AW,
HIFLZE S [mm/]=° bV 27 14, (RFELL =R XA 3R LTz,

Step 2 : 29 FALIZKF LT, BHLh ML #sReb7=. Figure 5.37 (279 L7 EHIFLIE S DR
REY, —H/ETICHD A (1EESS 720 OHIFLIES A% 0.02 mm) (Zxsd 5 hr

(FI3Nm) % by ELTELSIE, [H VY ZHE L.

Step3: MGRh R AVZ | ZHWT, ARMARELE =RV EHEAE L.

Step 4 : N0.32 f. (®55 mm, Core) OERE L7277 ZHWT, HHEEREZ (EA 020
mm, £ 40—50 mm) 9 fHA&ER L, —@hEREmEZME Lz, 27 S8RENE % Figure
5.35 (2”7, —HEMEIREL & & T MEfE A Table 5.5 (27”7

Step 5 : KB xa T 2 A AR = 2N X2 XKEINMMA L, —HEMETREZFH5H L
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7o WA SR O HEEAE & IEE O xRS 5% Table 5.6 & Figure 5.38 1273, No.8 Dk
BECIE, HEEEMETRE & RERBRIC L DEICKRERBEVRALNZ. ZOKKE LT,
HIFLE 35 mfHEDBRBZUCHNTEL TV DR EOREBICZR S L EZEZ HhD. 2D No.8 DT —
B F RNz — Bl AR O EHEERL ST, 1T%NICINE ~ 7. T72b b, HETIEILR
BThdLHTEIND.
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og.' TS
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Figure 5.37: Min. torque (Hole29, Adit 20 in Gujarat NRE No. 1 Coal Mine).

Table 5.5: Properties of specimens (Hole32, Adit 20 in Gujarat NRE No. 1 Coal Mine).

P Wave Velocity

No. Position [mm] Rock Type Shore Hardness UCS [MPaq]
[m/s]

21 480 Sandstone 26 1955 36.3
20 780 Sandstone 32.2 2066 454
17 1200 Sandstone 28.4 1967 39.5
13 1560 Sandstone 25.8 2018 40.8
12 1680 Sandstone 25.4 1994 42.9
10 2100 Sandstone 29.2 1988 52
8 2420 Sandstone 31.6 1508 11.7
3 4020 Sandstone 24.8 1565 16.4
1 4420 Sandstone 32.2 1895 50.6
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Table 5.6: Predicted values and measured values of UCS (Adit 20 in Gujarat NRE No. 1 Coal Mine).

Effective Specific Energy Measured Predicted Absolute
No. Relative Error
[MPa] UCS[MPa] UCS[MP3] Error[MPa]
21 26.7 36.3 27.4 8.6 24%
20 55.2 454 54.2 9.2 20%
17 46.6 39.5 46.2 6.2 16%
13 37 40.8 37.1 3.9 10%
12 46.9 429 46.4 3.4 8%
10 51.4 52 50.6 1.4 3%
8 105.1 11.7 101.1 89.1 743%
3 9.1 16.4 10.9 5.1 32%
1 65.4 50.6 63.8 12.8 25%
120 No. 8
- ’//—\\ 0.
a 100 N
=3
8 80
D 60 .
° *
L
o 40
D .
I 20
*
0 |

0 20 40 60 80 100 120
Measured UCS [MPa]

Figure 5.38: Predicted values and measured values of UCS (Adit 20 in Gujarat NRE No. 1 Coal Mine).

5.5.3 —Hili AR O AT bR R

RATE O — R IEAR SR & R = 3 L X ORRAEZ HWT, RTV JUEO 27 A—U > 7 4L
DJFLZD % 6 FLO—BHEMEREOREE 21T/ o7, —HEMREORE I LY, AEx
# (<20 MPa), 1 (20-50 MPa) L f# (>50 MPa) @ 3 B¥BIC5F, 7 L— A7 —/L THIR
L7-. Figure 5.39 |%, RTV SUEDORBRT —# o HE LR TH L. FXTIE, EFH o
MHEER 2T Th L. REMICTEHO—#EMREIME, EER&En. a7 =070
ED D6 FLDOW, 297, 30F, 33F, 35 EHED 4 LOEABESMIL, a7 & —HT 5.
31 F & 34 FD 2 (LOGMITRORCRL Y, HEMELGTICK DV ZEE L TWeEtEZILN
5. ZOFRYEFIRIFERIC LY, REEHE O — B E R EE ORI & BRA R 5
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Figure 5.39: Prediction of UCS displayed with VRML.

(Tests in RTV Roadway, Gujarat NRE No.1 Coal Mine, Australia)
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Figure 5.40: Predicted discontinuities and the histogram of the core.

(The green points represent the predicted discontinuities.)

(a) General View

Figure 5.41: 3D display of discontinuities (Tested in Adit 20, Gujarat NRE No.1 Coal Mine, Australia).
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Figure 3: The most widely applied neural network technique: a BPN model
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(2)H00049.its

AKEIZT—% OK.
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(3)H00050.its
(4)H00051.its
(5)H00052.its
@ |@55mm =T (1)H00053.its 1 AH OK (HIfLE 94cm). 2 AH 45 cm HIFLTZ U —
(2)H00054.its R, Z7ANVAEL L THRATLILHEOY V—X. HILE
HO00055.its 190cm, Z Z THIFLKT.
fLNo. |FL&M 77 A V4 5
@55 mm /> =7 |(1)H0000L.its T —% OK. EIHIALA KDY A VRENRKDD Z LI
(2)H00002.its USB A E U ZHist~Fi>TENRY PC~MEFETHEIICL
(3)H00003.its 7.
(4)H00004.its
(5)H00005.its
® |@28mm /> =7 |(1)HO0006.its 2 RATZY—X, Hik. F—XI3EBTHHT —FFIN
TAUTIE Y AR
028mm /> =27 | (1-2)HO0007.its |2 ARHZHIEE > kb 927 mm (28 mm 2372 < I o 7272).
(3-5)H00008.its |27 mm 2T % & ANOE YT ME 1w v RO LIF TS
ZLTV%. 7—4 0K
@ |55 mm (1-2)H00009.its | 7—4 OK
(3-5)H00010.its
Table 2 Experiment conditions (Adit 20)
. *1 - Bit Diameter Rod Length Hole Depth Number of Pause
Field No. Hole Date [mm] [m] [m] times 2
&) 1/15 027 3.59 2.59 3
D) 1/16 028 6.15 5
(3) 1/16 028 6.15 5
12 4 1/16 955 5.9 4.9 4
(5) 1/16 028 6.15 5
(6) 1/16 028 6.15 5
) 1/16 028 6.15 5
(8) 1/16 055 5.9 5.25 5
11 9 1/16 028 6.15 5.45 5
(10) 1/16 028 6.15 5
(11) 1/16 028 6.15 5
10 (12) 1/16 955 5.9 5
(13) 1/16 028 6.15 5
(14) 117 028 6.15 5.2 5
(15) 1/17 055 5.9 4
9 (16) 1/17 028 6.15 5.25 5
17 1/17 028 6.15 5.4 5
(18) 1/17 955 5.9 5
(19) 117 028 6.15 5
(20) 1/17 028 6.15 5
8 (21) 1/17 055 5.9 4
(22) 1/17 028 6.15 5.2 5
(23) 1/17 028 6.15 5
7 (24) 117 055 5.9 4
(25) 1/17 028 6.15 5
(26) 1/17 028 6.15 5
6 (27) 1/17 955 5.9 5.15 5
(28) 1/18 028 6.15 5
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(29) 1/18 028 6.15 55 5
(30) 1/18 ©55 5.9 5.15 5
(1) 1/18 028 6.15 5.2 5
5 (32) 1/18 055 27 587 488 4
(33) 1/18 028 6.15 5
(34) 1/18 ©55 5.9 5.15 4
(35) 1/18 028 6.15 5
(36) 1/18 055 Failed
A (37) 1/19 ©55 5.28 5.35 4
(38) 1/19 028 6.15 5.7 5
(39) 1/19 028 6.15 5
(40) 1/19 028 6.15 5
3 (a1) 1/19 055 5.28 4.68 4
(42) 1/19 028 6.15 5
(43) 1/19 028 6.15 5
2 (44) 1/19 ©55 5.78 4
(45) 1/19 028 6.15 5.2 5
(46) 1/19 028 6.15 5
1 @ 1/19 ©55 5.78 4
(48) 1/19 028 6.15 5.25 5

*1 Field No. and Hole No. are referred Figure 5.33&5.34
*2 The number of pause times: pausing of data recording when the rods are connected.
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