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SYNOPSIS : Overbreak occurred inevitably in a tunnel excavation, is the main factor for
increasing cost and time in tunnel projects. Furthermore the damage to the remained rock mass
related to the overbreak can give rise to a serious safety problem in tunnels. As a rule of thumb,
causes for the overbreak are inaccuracy in drilling, the wrong design of blasting and selection of
explosives, and heterogeneity in rock mass. Specially, the geological features of the rock mass
around periphery of an excavation are very important factors, so a lot of researches have been
conducted to describe these phenomena. But the quantitative geological classification of the rock
mass for the overbreak and the method for decreasing the amount of the overbreak have not been
established. Besides, the technical improvement of the charge method is requested as explosives for
the smooth blasting have not functioned efficiently. In this study, the working face around periphery
of an excavation has been continuously sectionalized to 5~6 parts, and the new Blastability Index
for the overbreak based on 6 factors of RMD(Rock Mass Description), UCS(Uniaxial Compressive
Strength) JPS(Joint Plane Spacing), JPO(Joint Plane Orientation), JPA(Joint Plane Aperture) and
FM(Filling Material) is proposed to classify sections of the working face. On the basis of this
classification, the distance between contour holes and the charging density are determined to
minimize the overbreak. For controlling the charging density and improving the function of
explosives, the New Deck Charge(N.D.C) method utilizing the deck charge method and detonation
transmission in hole has been developed.

Key words : overbreak, blastibility, charging density, N.D.C method, deck charge, detonation
transmission

1. M 8

BHdFA A oF HA3 XL 3A 4uby &4A 9 Hd AAGHY HAHE FHd Ao o
Zo] FoatA wAaEtA dutr 7} 3% Rock bolt @ Shotcrete EFER] Fo B AH| 7} Fristar, ¥
gk Z7tE A3 wud AEAzte]l FA 28 FH0] F7)7F AAHE WUl HH, vte] &4 99
o] #th=lo] Key Block B {Ao] @Asty Jil 59 QAADE 2T & Arh. T Guk &4
o] gl ity BAE i RS FEAE7F YAHY hibs dAHFH o2 {FA 3= o g ol

._303_.



A "ot 7] 28d SAXE g3td g M gFd 93 Fr12 2aFHE 6 £E gAY
9] 15~18%% A ste RASZ Yz JuHEFIZ=ZFAL, 1995). A AHEEFEA 38& A4ZH
71&Ee) 9std Hek 15~20cm, 248 10~15cm2 FASIE gon, o8& AAd wdstn 9ok 218
L oA o] AA oFF SAFL olBT} E 30~40cm o]Ato] UuHkHoln, A X o= Im oAy oF
o] BAstE AST B I¥XY I HY VA5 AqFd g d4 REFow oF H4E
A7 x=go] REG Ao] d HAHon}

2 dFdAME FU EHEddGelA %*@6}“ odF Y& E43a old digh MAgtS B
o] T AF HAZE AT WY EFHVIESGE AL on, gute] BT i B a1l
2§ N.D.C 293 HE 7/MEstA Ao 0161 ATFAAHE Pilot @l H 8 AP A oFo|
AHE AHE E=Egion, oo we Bld FANIF AEd] daEHE a3 Jelgd

2. Y E{EZAl 0i2 JIE ¥ &

21 I HE o2 &8 JIE

BoFHE o8&t BHES 29 HY HAHoE FFHA oFo] TAsA do. dEL2 BE
o] A EA %101 T8 LAY, FAHIE FTHATIE HUE 2o E sttt 04%‘01 Ay
st og 7HA 4 F WY 2o & F e HEFLAook-ou)E HFHl AoAFEFSF F7t
g a5l sl ZLEHH Tl e 318 A2Fe dAste AAld wgsta glen, Al E%“l
7 EF7t o] Fo| A Yot EF FHE AZHES 7 AFAYR OY vEA dAstn ded, It
o2 AEBEEFAAAAM AAML de 10~20cme] §& 7IEFE A& . a2y, o] 7IEe
2370 15~2.0m =Y F+E neis 249 Aolx, HIoE 3.0m oY F HFol °o|F
oz 7] &l 71E 8§ AZF N A7t dasio

22 Y EHE o= B ¥

AT delel w3 g 1 B4 o2 $3ARED BAFA 83
dole AT AEFL dBYHY 45 B
o

A WAL S| el 43R ARl o | A% RRE | AEgH | BEAERE | pyR
ZFE A9 vlxetA HAEA Aok oA & : 972 o T I
3 A Zd%’é}Ol Aol FAdME dHo] ¢ 5 95.36 856 341 0
F3ln EAdEHol 2EEHA &%7] HEo o 3 95.98 9.18 365 I
2FE AFead sAeHE, 3Pl &AL [ 4 94.90 8.10 323 i
oM ofdo]l BFstm BALwe wg [ 5 | 9653 9.73 386 I
so] 7] Wil gFFo] utel B 2 6 97.05 10.24 40.6 i
S$Hch FU BHE @FA HAste A=F 7 96.61 9.80 389 I
dahe sobaly] 8 (FILGAM) FApste |8 | 938 7.05 282 il
AEN BAFA Y@l i3] zALS Sy | 9 | 9804 | 1123 444 Ll
doith ® HY gWAe 868 mox wgy (10 | 9738 | 1058 aL7 m
dshe gel Y wRdel da Ao 4Y ol 2 o2 =
: . . . .
;;é’:i mi%;M?;ifi‘oig Ei;;z“;’ 13 | 9725 | 1045 412 m
TeH= RM 14 | 9846 | 1165 46.0 m
WA BEY F5F9 duboldlnt. gFF XA 15 9872 11.92 470 m

& % 1559 2A o|FoizEd, HY vHs
g 98] AH8E A¥lE oA B97)E o)8% AMT Profiler F% 37124, & FuF o] g5}

_304_



g g 20070 o149 &3l i Data® FHSUT 5 2 dAFHez A 40 cm WYR
velged X 12 dF0A A2FE FAT ARR.

23 {2 Y HUEM X 2HH =&

By 2 A BASE dF 49e 27 9ne 54, SR 4%, AFHeR TEE F A
ol 2& 3HA S4L BYHD G vAY) dBel WA S4UE nYsel @ Ao
BAAE RS AR Rach S HYBPANA d2Fol 2A B4sE 4 % BAYE U

3 ged 2.
2.3.1 ettte] BA

Aoz BEsh Re FHe FUHez e dUAGHE 4A FAAD oFol Wl WATE
297k B2, 4R AU AL 9 A o BE dUAE WL ST o] @ 471E HAHo|
Stk SHAe BEF B4 sopwel WolAA® 2 A AYIY, FEsk e dulME sHer
of A7 £28AT 2] Wol YAV £, BASAL AF rod®) YL FE4D $Ho Y5
£ YL oA cracke] WASE 4o] Arh. '

2.3.2 o4 45

el AAEE FF F EY A 4F& Fol7] dA AEHE HFFE FYF ot
a2} o] Zoke AE4(4,400m/sec) 22 I o] oA Aol =EHE TUAME FEG T
AEHE YA Rt AF EE 2] AF BT =Y TLRE G 7H]F(1.0g/ano] HE
zhofoll Wd) Holx FFelA LAY A BwEE ZF9rt Bol dAst owbe] HHanst FH e
2 Azd AAolth 53] £drd stofo] FAE A olg ol A2 7] wWEel HHAY 2
Al Z3g APgdo] SAsH M@l o2 go] ol AT

233 A3d &4

A2 w92 Y8 AHgEE AFFHE Jumbo Drillg AHE-3t3 g1em™, Jumbo Drill ¥ = F&
ol EAY HIHNEE 27 AN AXAZL F giok 2 AFHEE 2 AJPYHL2FEH 10cm
sH5 Ao MXste HFSA Gk o]F AS BdGHE FAANTI] A FIGEE Hb 3~4°
AEE A9 AFeA Fn, olgt 22 FAMT2Z Adty oA e AFZH(Look-Ou)2 2 HF
237k A o, @5t A BrHEA Fo] AT EF AT FYAY SH=C] wH I
=o} FHAol dAA & A7t Bol Rsw, 53, v|Zo] FAHE FF FHA v RH
HAEe NAgezd o 29 APAL Aol €9,

3. 6{Z Y JMA IS

2749 NERAL B GRS g8 ol B4 Fo YUoE ABHo| Fu, old) R G
@A77} o FoiRth 2L dF APHLE GFL WAL A TAM 29 W B, o F
I 5 Y AFHA UG LFAT olo] BE 4F WA PYol T FYHA Y &Y
zA90g dobRel 4% T S0 A WASHE 32 A G4 JlesAMel 2T sioh

3.1 0i= 2 sHE SEH wWrel 2R Aot

~305 -



T g8 483 dEHA g EF
P ERY e, o8 |
o] =& Hriste EFHelth
gyl ool 27 i@ Langefors ¢ Kihlstrom(1978)7F 712 Aoz ol ZAZ @43 /de
2X9 kS '¢'E AAF Aol o] JAE Lilly(1986)9 <3l Blastability Index® Xtk A
3le)o] wAEdEY, o] RMD(Rock Mass Description), JPSUJoint Plane Spacing), JPO(Joint
Plane Orientation), SGI(Specific Gravity Influence), HD(Hardness)®] &=Z529] §toz due EF
g I3 E=ZF YA E 19969 A FAALAT LT FSHoA Lillye] Blel WI(Water
Intensity) AFE TYT wiHE FAHST A2 g ERES AAS v Jdor, 22Ezole] &
#2379 AdE =Y JKMRC 5, & @348 EAo) 2 29 BF 77t o)lFoiAsth 2evt
1€ T ERUES Uy a8 AL Fo wEAZ AR AFHAINE 1Y IERE

o] Fo) 22| gkt

BHd whe] ot F q4F 24 Ao APHoE AYUHE AL FFA
A EZe dd 2 2347 BdEdo] o]f e 7, a9a BEASHY A T8 2 § 3
o] A=Y F8F 4EE g 1"’—5*—;‘]“} IA3 el EAEH u} 63

[e]
hue Tr
54 Bao] wad UAES] WS PAHE ot &

r°“

o
ug
iz
Yo
-

S7h 27 Aok A8 Fo} AU o|F: FEs} 20° OB AR HHH o)
Aol A & itk WA HY F4 met A%k 2 dehts 398 #98 F Je A=
$o B 270, £8 ge HPOIdE A40 % 8 5o 3Pz 21 46 wolshAl o

- S
£ 4 e olg TAT & Ux WY BHI Basith ¥4 ATl JIE PurFHOL
B3lgt EFHES olEd EAAES A2 & 7] Wi, & dFde HEY 229 F29 A
e 5-6EEse] FEMo|L A&H, B AN RT JUEAL AW & At 94F AasE
de AZe U BRUS E 29 o) AIHGT
T AF HRHES AR RS TR 39 gqzhgass dw W9y BRE
222 wish 2P A Y= YL
QA AR arEW 44 AIFEL F 223 WY E 5 (B)
8 stotg tiEHQ 6744 248 eI, Gus T ITEEE
72zte] AAEAC Bt B4E WEsar.
1.RMD(Y DI H &) e @ @ ] @ ®
I} 3 (Powdery) RQD < 25 W 0

. . iAo EAKRD 25< RQD < 50 MW 5
@ RMD(Rock Mass Description) : #&8% || Gem _|socra-r] oW L
E 2.CS(AUMLMAET) (0] ) [« @ ®

_ 8 [pasy £ [ =sa [oulsss
B2od£oo] A9 ¢E AAMF gl @hul |[useswween| 20 150 1000 es0 500 250

He 20 15 10 5 2 0

7 ol e), B3 F Alold A7DE B | e
cqgta }_7‘5;10] _8_0]{5}.];}_ g}.ﬁ}‘ﬂ_ %}-)ﬂ.% 7_(]. I:‘?:a %1.2? 11‘:m 0;Som 0.:m mzm o.zsm
& AofFHox HAFHY oF Ao Bol |[wromaem e lo e e
A5, ohuk &b gdo] ZyhETh F 2014 || Gesus zaasman. g

JPO =25 -12.5(cos a, +cos B,)~12.5(cos @, + cos f,) -

% "ff: 9&1'5_:\_01 od-ﬁ}-g] ’% )\B‘ :‘_Lzoﬂ EH%H 1JPO<0H§$!:JPO
foto] o3 ¥ @z} RQD A7 A || ok
Zd gg, TR 9% BedHe A GE |
]6}0:] O 1594 @*g HHH'S‘]—%E}-, S.JPNIEZPH.)&FM(!&I) [0 ® ® @ ®

® UCS(Uniaxial Compressive Strength) : JpA - hegs.ga”‘ s T =owea
_ _ >2.0 mm ) 8 ]
dELHA= memioml s
20GPa °]49] @A AT 50MPags 9T |ama > S =
YHFYFZEE 7HAE F5F ik s [ == @ @ 2 © ° 2z
[_1:]
v A FHol Hu 4duan g8t 88

(Cunnigham and Goetzche, 1990). &4}
2d&go] globd 93 GoME JF L HAdslE Aol 7Medlt. dEYEFFEE Ao wat fo

_3%_



T2 iEste AR FoFF AA F8 factor’t vk BT SEv dESEAES 44 HE
ABBATE A7) Wi R AL ohite] g u Lo o] A AT
® JPSUoint Plane Spacing) : 949 1+3

BEAL&£H e O A7t AF A= Gtel] vlF] Wg B ooyt watel
o] ZAFEo] o3lElug EdALHY EXe @ g g7 0 EH .
7ol AAFE b go) EA AFstY ogF -] £ol3H, BAESHIA EASH]
FE M2 g3 JFgoE oAF B A= AR 5 Ao
@ JPOUoint Plane Orientation) : Ed&He] Wik

ATH
R

pedsds] Hge ojzwAe) 4 290 Ak Worsey $(198D) AH/@FAFE Fatel 24
Swo] FHMT o] ZE7l 60% olart B Aol WA el n, 155 o5 A
Auwste) a3} Ae gloks A8 WET 291 BASWEY 33 By WY $4Y 7
$ole Aol Al WAHA @gkod, Tl £4Y A B I &40l BANIYS] v

g B

o) glt}. Wiz BA&Wol EX%3 FusTY B oJFo

I
i
o

3

s121H(Singh, 2000). 2&W & Ao FAA FFE /A EASHAME AFo] Has
©
4

Worsey & Qu(1987)= Ed4W 7439l Fr7te AZ4E o9 ddlo] Ha,

g Wt 459 AUE wATT sk 2A5Y Aol FES AL FAE 3
2 o2 Ze uZol @ & Y AP FATh AL o] 23 Zeix ALY B2 FAH
Avh 2o BA%Ae Wl o8 92 Rolth JPASH FME ME U3 anslel Je Ao

2, 0|52 Shig R Fol AP

Wolel BRE O/F 5ERS §oz AN 0~1009 #HE AL, 2AES AFAE APl @
% g + gk

3.2 N.D.C(New Deck Charge) 2 m=t Jj4t

gEEe U HY @FoME HAL v FAA/D A2FE Fas Y] AT PHe
zEW9e) 9F Smooth Blasting WHE Hestn ov, zdedass Fussr] A 942
Fol Wirsper Al FUERS ARSI Al Tay el AuHE FuEe) TYAY 2
4 4 erase zAste Aol Brbssiel, B AFelA AGd B3 2ol we A FFYEY
z7o] olRold 47 vk E¥ Fol Uwseturt iyl YR AglME AR EsE FEI
BHex 2 w2l WA Al UwE d4sA. ol BAUEE 925 A5k New
Deck Charge(N.D.C) #3134 & metstil = %ich

In e

3.2.1 N.D.C ¥oZge| &g

N.D.C 253%e F71A d3dE ol &3t A=A, 3efe
FU £Z(Sympathetic detonation in hole)& o]&3le 3}efz}
3hoF Alole] ARE FHEoEN AFFURE XA dgolth.  =e
gty o7 oo F£EAAEE Hrsly] A% ¢EHEE It
o2 B oA st A £ZAES T3 SHA H
e, £E2A7 »E 3 A9 2~49) A2 dHA 3 - ..
t} 28y BE gubd HFE FUdAY ¢Fxe EHE § Qe Air Deck B2
ol A ZEro] o] Fojx7] wEe] AMY &EZHT 10~204 19 1. Air Deck Effect
ol ARt ol § 3ok #EEE o]&dd FY AILE

_.307_



248 7 Stk EA4= Air Deck B#E o]&ste Zolth. sofa ghof Atele] Fxro] deck
sto] duigiefon® AWEG g F & Yot TS, ND.C 433 HE 2% 137 Zo] 3}
TEZ =9 Air Deck E3E o] &g duFHo|o)

gk
=
=

F

lo mlo !

3.22 22|18 H# % §Y

Tl HA FEEE KAt AEE &oldtA 7] A shekat stoF Atelo] TS HeE
WHoR Fo] #Y Y-S NEEth o] BEe Fo|l AHE AztEo] vl &o] AYsi, s
BYHERICE o]FolA Q7] wiEe dA7} Het stefte] 1A A F Aok £F #2389
Aol Wl FRoR Hol gl7] WEd F o] stefed A dEHo £ExE KA 5 vk L
g 2t Eo8E o83 ND.C 2339 Mdzolt}

b PR

a9 2. £9%<S °)8% NDC ¥3s9 Nde

3.23 22 S 0|38t oo =FAIH

2 ATE B ALY 2% 5% nopel EHE seish) A4 (PrEss §Fez o
B3N 22tel A SEAYE AAHAE ADEAe Pl BEGH FA48 2dow 23]
A8l 270l 43mm, FA7} 2mmQ), BFo| UshY BHL A WJr 252

N

gorstel 103 @A APuste YAsHch
Pelg Alde 948 ¢ AN, Y%
5 £E5E Ae AFsA

Lo

e

g A 4 9 7 v 7 WA
3 ZFol(71EF)2H™) 20 mm 19.5 mm S5A17F 715

4. N.D.C ¥ul3¥ sZXZAIE

AlEEdst oA ‘5'1‘ 2] dvtdHi= RMR @e] 60~70 A== Y I
3.0mojglon] Agrd Wtz FAF AAHAT. B AFolM ALY Lot RFE FUY AW 2~3
THOR ﬂ—EEI%LO.U% ojell e}t Bd FZAdo Hﬂ‘éilt &g ol Fofaie 2
e A g2A APHAG.

_308_



or | <
wo| A
T 2k
e g ||
Al B [T
\WE;O\_ 1)
Cﬁo P %x
) ©| &
al®l g |98
NO#E m o
B <
{5 20
[<B]
= .
<
<
=% 2
B8 X| o
- _ )K
Sl Elel
GOl B
%%MMO.
BE =
T
oy @
g
= m
i
,IZ.O ‘ao
u_‘LWM%.ATMﬂio
:vlo»ﬂaﬂvyxaqﬂ
\_No&om_xﬂoa_ﬂ_
= ™

p—

i)
H

o

FHo
al

mj

Ho

———
o

ol
|

ol

oY

ol
<D

ol

o

Aot e} ND.C &3tF

[
pu

W

=

o

]
ﬂl

gyl

—_

o

ol
oln

o

S
s

S

A0 F 40cm W2

3

20)5} %

o 2

—

2

N

AN

Py

)

e
i)

ja]

R

—

Le]
o

on

)

™

2 FA] o

7]

El @ FAlol] QloiA

| A3t

2 o 3=

Blde =

)
F
i
1

e
o

Kol
=

Heel oF

=
T

7ol A

BJ

._309_



He ALsl It 29 Moz wAE 2N ¥
F712€ Mzol AYstgon, ol met WAL ANGLRA o
Hgol 7bsetAl Bk £ ok £EESH Air Deck EFHE
Aed, ot 71EY AU EAEL ANE M2e woTyez 3
3¢ o8R0 FFUEY 2ho| 15 Mgolth, A4 HYBH ND.C U
2ol 7|ERT} o 30% AE F2HE TS AU
F3HE B ANz B FAAA oY AHol sbssn, Fol Fo Uwserg
FAY ol§T & Aol Y olAME FAW AREARE 2 F 3 :
FHY vgoz AFSHE AHE UL 4+ o] d2e 4B
I spopulel Ay W opeh, ol W@ £3YE, Boly
7

[
2 NEY gaol me 37 % BAh gaol 74 & A

ES = O

o

i
ot W
of S
oz ;ﬂ
mioim&
SR

2
)

>

<4

9
o
2

‘L‘

M Mool e o we
9,1'4
o
o
flo

bopd e O
£

Of
-

5

1o g S ooX
_ﬁo}m_&m
N

N

(o]

N
P
>
10
il

1 &8 (1996), “¢EF Eqago] g 712477, F3ALA T4, pp93~106.

2. YT FA REATA (2000), ‘AEHASE AT HA Lo AAYS #FF A7

3. S.Singh (2000), "The influence of rock mass characteristics on overbreak control”, Proc. of 26th
annual Conf. on Explosives. and Blasting Technique, Anaheim, Vol. 2, pp.117~129.

4. Tariq, S.M., and Worsey, P.N. (1996), " An investigation into the effect of varying joint aperture
and nature of surface on pre spliting”, Proc. of 12th Symp.. on Explosives. and Blasting Research,
Orlando, pp.186~195.

5. Andrew Scott (1996), ”’Blastability’ and blast design”, Proc. 5th Inter. Symp. on Rock
Fragmentation by Blasting, Montreal, pp.27~36.

6. Lewandowski, T. Luan Mai, V.K. and Danell, R. (1996), ”“Influence of discontinuities on
prespliting effectiveness”, Proc. 5th Inter. Symp. on Rock Fragmentation by Blasting, Montreal,
pp.217~225.

7. Worsey, P.N,, and Qu, S. (1987), "Effect of joint separation and filling on pre split blasting”,
Proc. 3rd Mini Symp.. on Explosives. and Blasting Research, Miami, pp.26~40.

Q. Lilly, P. (1986), "An empirical method of asessing rock mass blastability”, Large Open Pit
Mining Conf, Newman, pp. 89~92.

9. Liging Liu and P.D. Katsabanis (1996), “Numerical modelling of the effects of air
decking/decoupling in production and controlled blasting”, Proc. 5th Inter. Symp. on Rock
Fragmentation by Blasting, Montreal, pp.319~330.

-310-



