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Bl dup] datg g ot B  F8E ) dEd it 54& 24 olg 71z
BodAE FRste ol FLITE adE BT A FuelMe EHdAE FEY
GEAEAEToR WNGE BHE F 4 dudy 2dAFE Feke WS ol8sAY T
GurEFEe s RMRERE ol &3t daete E/eHH AdH 277 nad 43 29
AFE AAss WAL B8k oFoiF. & dFdME HA5HE 1 d LREAE Hso
Ashby®] W& &3tk ¢ FzA 2F}E T I ERTY G ddAE F7)
st AdA A AH S FEE & AEE Ashbyd] H2HE S83A wtA d BXE S4&
xed gt BH7 Jbedtn, gy 548 1d EHHAE £98 5 & Ao Jdd
o

.M E

gybdate] JFE FE Q4T IA g B4, G wodd, 71EeAolth ofF gt E42
a3 g8 AUt dFS vk T G8o IS F= il AL A A= A, E¥H &
A, okl oA 49, deEWe] B 5o FEE & U Ax ENozE FAYGY 4&27
T, AT, AGAE Tl A=Y, 24 SAde ALY S4ASF, XTokdulrt £ 9
Yz F48L dae o dAse duAE AFGAY Fodte AEE vehly, 23E A
Zag oduxe 9% £t deHe EAL B Gz 9IS FE 942 N BEEY 3
7], dejde AQAE Folvh. vt EAo| wa F&3 WHE AT dde AL AU &3¢
o] A} BRete oyt EAT Lt §8709 FFBRAE £A43L olg HAdAC AL HE
AAHQ H2o] o]FojxA] Eatxm gle AAolh iy IMEFA2NE o8l AFH why
d 2% Bd 2 9 ABAHAE FPste PEF} A Tkt E RS (blastability scheme)S
ot ok BT dn g8 AAE BASL olE IW wnAAd HEsuzt s A=}
ol gt} olg L AFAEE AHRY Hinow ¢Hite] 4R AR & o] &3}
o FRAFE FaE IS ALY 2, Heines Dimocke ¢te] @& el da Zopys
(powder factor)zte] Aa#AE B1d¢t)®. Rakishevs ghite] & B4 o9 Hawg Frz
T3k ohute) blastabilityS Hrlshe WEe Adg’. Ashbye Bz Hwe Ju
Eo Topdiz REHE B AuaAE A

FH TN F2 AHLEe B9 BRYEE ALY GSUSATE o83 Wlo] ok o)A
< FAYY dEASAENeZ dngS ERF F 4 wugte duALE File WHeE gt
o] EA F I3 dRTE 1T & Qoke A Qith E g e e v 23} ¢ Ar4d
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AX &8st 38Y 2HFEYEA RMR £F 7180 o wagt 53 £58 & F 58 78
#3HA LA E AAYse EAHF Uk
gzt 71E dadAYY IAE FEY + A WYPOE Ashbyrt GF AN SdsE

4% AREANE FENANSY o8 HY widAd AL Ashbye ©lE HEAHE 53
o HdrE APHE WS Adstdnh AT B Ae] e due ERy ¥ wndy
A7l Axt diEiAe FAFH o AABEA] sty Wi g AH HEsple 2@ o
ZHA & 7oA E B BF Sy dosdd dA ZAE S48k Ashbyd FAHE H L5
Aok Ashbyd] ATFE 7122 LHALAE 7] 3t Hd AT AAAEE 7IE2Z Yo
FAEYJY(fracture domain)’g LGS BHeE J|Eos dgsig PP BFL AR
A3t Bda dert axee 2z @E g9 NEE AEIAAT AlFd i de 4y =
o}s} ¢kt AuloA ZA¢ HaH AAY] H4(oint roughness coefficient, JRC)SH Azeid ¢+&7%
EA4(joint wall compressive strength coefficient, JCS)23% €| Barton-Bandis A& 29& o] &3}
Ao =g 7IHAP,

T

o

h =
5

)

o

2

2 X8 2 xHHN

£ AT HEAYY HYe TE 1754 dFA $3} FUF EFNE FHE 242
HEYQ $HEYoIR, Bde JFe £HYF 1760m, ST L780melth. AFL F4Y e
FUFTA S5t ARG o8 BUY ABYFE paEh slnete 4 R AN )
oy B BRYRA FRE ET 4 AYFE FUFTA ATHE ALY HYY
359l § FUE FTHL U BY FW e PRV o)RolA Itk IBUFE
492 M FY~AYIGoRA $uoln Rrdl wel 3N WAL & WA HolsE
Sk HeFWeRe g st an $387 B 2R otk

3. M8 WaMdAY e

Ashby7} A4 P AYSRE nd ST FAWFoldL 24 ¢ . ojd 23 H
E dS5Ae Huze dewe] npazelt, Aejilss ¢wESe] I7|E ZAAE 82009,
Ao ol dade AVAEE A 842 He it 548 HUME F e Agol
th. Table 191 Ashby7t dFEE W85 o[ A7l A& TodAYY AolHE Uehlurh
Ashbyd] A7 A7t A5 & o] 83 s A o] gl W o] HEH HANY
€ AYzA E 24} A B4 9T Bt BF, w5ds A4, 2dE dA o2 wwd
A9 AR o= A

dabdAE 2A LagRR, Euehd dubds AE, ToEAAY Al SAR oo A
ZA AFHE o83t Ao FAF FRFYFYE TEHALH, 4 FEAAGSE
duigtoz BRI 7AAGH A dod BEF F Ashbys & ol gt 7wl
e G AR F A3E, 1T wd 5 nestd ASFE AN Fig. 12 & 47
oA &g Wi 535S RAFT
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Table 1. Comparisons between Ashby’s original approach and extended approach.

Item Ashby’s Approach Extended Approach
Joint S X Scanline Survey, BIPS(BHTYV), Core
o o urv
Blastability il ey Joint Survey
Scheme
Classification X Classified with Fracture Domain
Frequency X Statistical Evaluation
Joint Index
Friction Angle Patton Joint Model Barton-Bandis Joint Model
. Litan(6+ ) 1.4tan ¢, + JRClog o 12 )
= * . n
Powder Factor fanro Wtractures/m | Dtawo = W fractures/m
Pattern Design X (0]
Joint Survey
» Geometry
= Mechanical Properties
v
Blasting Bock Classification
= Delineation of
Fracture Domain
Y

Derivation of Joint Index

» Frequency
= Friction Angle

v
Derivation of Powder Factor

*Pranco P Progn
)
Blast Design

= Blast Pattern Design
» Charge Calculation

Fig. 1. Flow chart for blast design.
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dabder e AREE FEE £ A HAH
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4. wbet

4174 2
Y 9obdAE #A 9 S4S Mot SRR ¢

E]}
AE P8t FHAX RMRolY Q-System 53 2 J
g+

she Hd 2% % AnAAS PO FARTIL
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gut S43 B & F ARAHAE A% HIEFRA HUEHE ¢t EALS HE gE7) YES H
d LIEAN B&3te GuERE HY 2% € ARMAC &8s dIERSE U8 Yoz
olFojaol gt} Ashbydl WHe HEsterl Bod HYEHS G EFY WY Hoz At
gk dEl B4 X mat WeeAT IPF E9 elAE FAG AL Holk ReE Uy
A A, o] o FAE HEHL BHolt ¥9& FAMAFY0 2 o] NI LA w3
& TR & 479 #EAFHE JNE B ERINT

42 wagl BRE A% Hal =A

Wikeh £RA G B4 W7t $BE 958 540 AYHE Uy @G BT S99 o
gsE sl AYue) slade Aed AWAS, AER GBSO GBS B W
ofF JRCSH JCSE olgate] mhag HrhRATh o BAE ZAS] U8kl =% % AFFN
A7 248 FPAAT =FIAE 2AEE, AFTAAE AFEFGLYBIPIE olg3t] 2
2 BT E4& ZANGLH, A% ol EASE A AeWe] W JRC, ICS 34 A8 5
steth 2 2APRS] 24 $5& Table 29 2k

Table 2. Measuring items of each surveying method.

Item Scanline survey BIPS Core joint survey
Orientation @) O X
Spacing O O O
Size O X X
JRC O X O
Jcs O X O

43 2mot 2 &3

doighe FAMYGS R PYE At TR Bdo] T3 ke F 379
iajgto 2 PR F giden, TRAIE Fig 29 2ok & 24y HYLXEAH ¥ g 9%
A 54L& ZtZ Table 33 Zth de] |33 4L AF 3old EAste AA o] g AF
& B3t Ao, WP AF7} o] FiAA ¥RX7] W] 7 deWo] o= ez &%
AJA w4 4 gk webA JRC, JCSE AT TRl 4 gl i3 she] gho.2 AAs)
At

EiWll Y NITW

EiWY Y Ne2W

Domain 1 Domain 2 Domain 3

Fig. 3. Boundary of each fracture domain.
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Table 3. Joint properties in each fracture domain.

Joint set 1 Joint set 2 Joint set 3
Fracture [ Length T T Tr JCS
race . race . ace ;
: i Spacing| JRC | (MP.
domain | (m) |Orient|length Spacing Orient |length Spacing Orient |length pacing J 2
(m) (m) (m) )
{(m) {m) {m)
1 810 |335/88| 1.52 0.40 1092/87| 0.82 { 050 [226/66| 1.40 | 100 | 79| 50
2 600 1295/90f 1.30 0.29 |262/86| 1.10 | 090 |282/30] 240 | 023 |81 ] 109

3 400 |338/84} 176 | 055 |217/86 160 | 160 {001/31} 160 | 062 | 10 | 828

5. dhu M A
51 wu &5 HH

511 g A<
Zop 44 ARE AANE 2 doige] HNES AW haze Yok Tk

D A=

HIVNEE AUR2A g9 ol EXgts BE HeFE nidth delee Bd 39 4%
3 2t AT HE W] o|Fe A wat @A) dEd o] F BYY Ao|fE o] &3 E
e deNleE Adssch B 1 deulEs Ug 4o ANE F 0

Ay = 21/1,-cos8,- 1)
A7IA, Ast BE B HIWE, A;: F dey HIE,

D : A2ZF, cosd; @ B $FI dad FHALEY AlelZeln, Atolzte H(2)E ©
43t At

cosd; = |cos(a,;—a)cosp cosBs; + sinB,sinfgl (2

A7NA, @ iy B iy Asiy B BT AW ZApde, ZAAZ, gdwrakel ZAE 4
Atztolt}, Zh wuietd Eld Wheke] Haise 4A4d ARAENA LYo IJF AAgAN=
Table 49} 2t}

2) deld whazt

Ashby: A7 i8 L@ Patton AYRLNS A8l A9 wAAe SEnRLS ARG
9 & (¢+ oz A4sAT HT AZF it ZHo] 47 grhe wiol Utk ¥ Bartonsh
Bandis& 9H4idelel tig Jde] AW Fatel 712 n27, JRC, JCSE delws) vhazte Ags
t 2epde AW om, o deRde AAZA Add AYRYF GHHY AePE 2 A
UHEASS 14 FAHoR BAY £ Yt RdZ HrEn vk £ whEz Ao ogs:
JRCsH JCSE ed @7 NS Sshod duWsw A&l 248 4 Aoe Aol A P
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2 @794E Bartond Bandis’h A AARWE o183 AW nhazte AR 2 2ot
2 AW wE7 4% ATE Table 5% 2ok V18 sHAZe $84HY AU APl o
71% vhaze2 Bartonst Choubey7t A¢te 26)& AHE3HTH,

Table 4 Joint frequency for each fracture domain.

. . . . .. Frequency along
Pc‘lr:;ﬁ:i;e J::tlt Orient. (())fnenlté Freé]uen ’I;l::;l Dlrectlonaflr va;igon of joint tunnel direction
po v equency (No. of joints/m)
Set 1|335/88 | 15/02 | 250 ‘gf
& :
1 Set 2| 092/87 1 272/02 | 200 143 o 4(3.81)
S J ( ) ; :
i,
E.
Set 3| 226/66 | 046/24 | 080 5.
Set 1| 295/90 | 115/00 | 294 g *]
3
2 |set2| o6 | oga| 200 | B ] 4(396)
T (New) ; '
s ]
Set 3| 282/30 | 102/60 | 033 8
Set 11338/84 115806 270 %f
3 118 ; 3(2.37)
Set 2} 217/86 | 037/04 | 111 (NEZW) 5 -
¥
Set 3| 001/32 | 181/58 | 059 8 .

Table 5 Joint friction angle for each fracture domain.

Fracture domain Ba::;lg(l?t;‘m JRC JCS(MPa) | Friction angle(" )
1 2 79 50.0 a5
2 2 8.1 1090 446
3 2 100 828 470

512 ZofF A

Zopds P anroT Ashbyzt Algh

At
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Oe 4@)9 hadee $9E HWE Ag] At



_. _l.4tan(d + 1) 3
Prae = 73 fractures/m (keg/m®)
1.4tan(¢,, + JRClogw(Jg.:_S))
Prowe = oLl (kg/m®)

3V fractures/m

(3

(4)

714, (g + JRClogo( L2} 22 slaztom Batonsh Bandis7t A% W A4

s9om, (fractures/m)E Azulzolt},

7 ot tig Aeniad, By 4P Aejus, ok 448 Table 691 £S5

Table 6. Joint friction angle, joint frequency in tunnel direction, powder factor.

. oint friction angle oint frequenc Powder factor
Fracture domain ! ) i (JNo. of _{c(()lints/rsrll) (kg/m>)
1 415 4 0.78
2 46 4 0.87
3 470 3 1.04

513 A& Z F7o] g Z4 J5 HA

WHAAA tolisto|EE AL Zokoz MRS BEo] Ashbysl A%
tholunlole 7128 Fee( Py p)2 A @t
Az the Zeke) )

ANFO 7159 Z34( Pf’ ANFO) S
AAlY F8 AA 8490 TF AYF A GL3loof i}, o] Y3

o)A A3

A8 EAE A8 ABE ol&sAth & FUzte FUiAHL Table 791 5313127, Table 8

ANFOY| Eep3%9 tholuntol£9) Eoty48 FE 39t

5 Q .1V
St Q. T8V,

(5)

A71H Qo 71F B lkge] Fwd
Q M W F kg Fud
Vo : EEAY AN 725 ke 7h2 $EF
V 1 EE4E stolAg vl i o 1kgo) b= BEF
Table 7. Relative weight strength of explosives.

. Q \'% Density
Explosives (MJ/kg) (m kg) S_dyn S_anfo (kg /)
Megamite- I 5.153 0.890 1.06 1.08 1,400~1,600
Megamite- 1 4.827 0.880 1.00 1.02 1,300~1,500
ANFO 4,609 0.970 0.98 1.00 900
Newmite+ 4.609 0.736 0.94 0.96 1,200~1,300
Newmite+ [ 3.687 0.826 0.79 0.81 1,100~1,200
Finex-1 2.723 0.640 0.59 0.60 1,000
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Table 8. Powder factor for ANFO and dynamite.

Fracture domain Powder factor for ANFO Powder factor for dynamite
(Peanro (kg/m) (Pipyea (kg/m)
1 0.78 0.72
2 0.87 0.81
3 1.04 096

52 wosel M

2 woiohd SOPYSE AT F ATH, 2F 9Q ¢ 1eAse AR TRUAS FPsd,
RVMR# Q& 7IZ0.2 2H¢ 6719 EZR0de] tsd SpuAE 94 6749 Aoz Yrgl
o gaAAGN JEFEe 18 U] 2m o4 WY [ ~ME Cylinder cut P4 =433
I, 18 29%0] 15m ol Y N~V V-cut BAE A8ach 22 Fo43 432 A
T 513914 7§ ZFAYFLE o] 83t FAZYUEE AT F Table 99 AAIE Aol wa} A
Astgich Table 100 23t wuigt 1, & #4499 |, & 71Fe2 @ ¢ [~VI9 23 A
A AnE £E3

Table 9. Calculation of charge weight per hole

Calculation Procedure

Cylinder cut : Qkg) = L. X (H-ho)
- Vs _ 0 _C
Cut Holes Lc(kg/m)—55xd><(a)) X (V Z)X(O.4)

V-cut : similiar procedure for stoping holes calculation

Q=Q,+Q. - % X H X L,

_1 Cxf(VXE)
=3 X HX 0T S aro

Qc=hxL,

Stoping Holes &
Floor holes

Contour Holes [Q = @, X (H - ho)

Q: charge per hole(kg), H: hole depth(m), Qu: bottom charge(kg), Q. column charge(kg),
Ly bottom charge concentration(kg/m), L. column charge concentration(kg/m),

he! stemming(m) , &' drill hole diameter(m), @: empty hole diameter(m), V: burden(m),
C: rock constant, f: fixation factor

6. Z8 R H

2 479 d3AYgL dejrt 2 9dd gtes drt Hddge & 9% A Aew oY
Hol dg I%S I¥ & Y& wHAA "gHol dFHNG. o€ A & dTeMe
Ashyby7} A @ de] §4& 12 S A EE Ed 2adAd Hestr] A3 deld
gt} £4& (7tE & e Aed xS Y J9FEE E8dte Wl s o3l
o B AAG Byl o 2R LdrE ol &t HAwd AAE £ AHHE 278
o & ATE B d2 A2 ogH 2o
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Table 10. Examples of designed blast pattern.

Pattern I ~1II

Pattern IV~VI

¢ OF TUNNEL

1" 1
° o

7.960

)
o >
900
° o, o
~

18
P ]

1
1815 Hi4
0 .

——
LERRER T A TR K H km 12 |J§ LLRH]
° ® ° o o
i
o,

3 [d o,

PR S R - 20
|
{9

15 18
°

By

) H |2.

R\
s Y
17
79, 1, 13 1
a w1 b
e o b

s e il BRI
{ 12.880 ) '
Pattern I Pattern 1T Pattern I Pattern IV Pattern V Pattern VI
Cut Cylinder cut | Cylinder cut | Cylinder cut V- cut V- cut V- cut
Drilling
length(m) 44 33 22 1.7 13 1.1
Advance(m) 4.0 3.0 2.0 15 1.2 1.0
Burden(m) 0.8 0.8 0.75 0.75 0.65 0.65
Spacing(m) 09 09 0.8 0.8 0.7 0.7
Charge weight
per round(kg) 416.762 296.912 182.207 146.833 101.628 84.436
Specific charge
(kg/m) 1.214 1.153 1.053 1.118 0.957 0.954

D @A SN duaAe] AeHe SuchiEs WEe e BEYSHERL
oz gkl Ao B4 wabAd 323 B9sA £a3 e 4gelt. & AvolA
Ashbys) Wye BEFoeA A 54 T PRAAS $9Y & AN =@ 29

A ARE B8 UATEFIUTN LR AALNE Frhoe HELHEA ARRE F9E
SLE% Ashby®) W BT,

REL!

4 o o

2) X 54°] g F% ¢idrE 24 HEE AR =FERAY AW de 2AR
B9 B4E EdE HYTS ¥ I #F-Agdes TRt 74 99d 4T £X 54¢ 2
g, olf EdE WiYsE AAst] FAF A 87 #2-eI9 1, 2 3904
Goldulol & 7] dades 47 072, 081, 0.96kg/m3°IUth

3) Ashyby7} A<¢tgt Al EAE 2ed Tode A4 4iS gy dddAd HEsE A9
H] oF ¥ (specific charge)> ¢3¢t 1, & #d4ddY 1, & 7|F22 0954~1.214kg/m' S YERAKA

11
7, 712 242 B WA dush vad 2 o WY [ ~De 2 AolF Mold wstont 3
| V~VIE tha 5 9 Y

4) guny Aol G5ty Eqolslol Ae RX ASea 54| Wil wAE G| we 2
22 old] ¥ e westelol st ok&ZtA olo] Wit AFH Wol vIFT Aelch wetA
5 A7 REY JISGH AT GohgS B9 RAC] B 27 ATV WLY A2 AB
o,

Jim

93



gdugd

. AR, 2000, E a4l &g Y R M Aol AARF AR, dFEE
Ao A (= gekE s 20008 FAHEAD), pp. 23-35

Scott, A., 1996, ’Blastability’ and blast design, Rock Fragmentation by
Blasting(Mohanty eds.), pp. 27-36

. Hoek, E., Bray, J., 1981, Rock slope Engineering, The Institute of Mining and
Metallurgy, London, pp. 282-284

. Patton, F.D., 1966, Multiple modes of shear failure in rock, Proc. 1st Congr. Int. Soc.
Rock Mech., Lisbon 1, pp. 509-513

. Barton, N., Bandis, S. C., 1990, Review of predictive capabilities of JRC~JCSmodel in
engineering practice, Proc. Int. Symp. Rock Joints(Barton and Stephansson eds.),
Loen, Norway, pp. 603-610

. Barton, N., Choubey, V. 1977, The shear strength of rock joints in theory and
practice, Rock Mech., Vol. 10, pp. 1-54.

94



