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On the Rock Fragmentation with Plasma Blasting

=3 -
Rhee, Kyung Woon

ABSTRACT : Rock fragmentation with plasma blasting technique has advantageous properties
‘n contrast to the conventional blasting method controlling of flying rocks and ground
vibrations, when residents are complaining or swrrounding structures stay in protection from
Jlasting operations.

The experiences show in urban construction works that the plasma blasting is the most
2aossible method to prevent damages and minimize adverse environmental impacts. The
fragmentation energy level is evaluated by numerical simulation using PFC for various drill
a0le patterns and tested accordingly to get the feasibility. The energy output of plasma
dlasting system has been improved to a level of 1 M]J, which can break a 2-3 m’ granite
boulder or 1.5m height hench face. Measurements are carried out to get the ground vibration
level and propagation equation, so that control of the blasting operations can be performed
more precisely and safely.
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¥ 2-5 Properties of the selected explosives and the plaasma system

Relative Strength
Exolosi Density VOD Energy (ANFO=1)
xplosive (gr/ct) (kn/sec) (MJ/kg) | by weight |by Langefors
(RWS) Equation
W ANFO 081 40 391 1.00 1.00
Gelatin Dynamite 1.43 6.0 4.27 1.16 1.00
= | Slurry(Iresesis) 1.30 47 3.22 0.87 0.82
Sweden Emulite (100) 1.20 56 2.9 0.78 0.81
3 |GD HiMite 6000 15 6.0 5.14 1.31 125
= |GD HiMite 5000 13 53 4.85 1.24 1.19
3} INew Mite 4000 1.1 45 345 0.88 0.87
o FINEX 1 10 44 3.09 0.79 0.77
Plasma System
. I X 0.2 0.205
with 30 gr Al 1.36 100 0-6MJ 43
& 2-6 Equivalent weights of explosives for a plasma system (unit : gr)
. Theoretical in in Langefors . .
E 1
xplosive RWS Equation in site test Final Value
- ANFO 243 205 261 ~ 271 230
= Gelatin Dynamite 209 ~ 222 205 224 ~ 271 210
Sharry (Ireseis) 279 ~ 295 250 330 ~ 331 280
Sweden
Emulite (100) 312 253 330 - 340 310
% | GD HiMite 6000 185 164 199 ~ 217 180
= | GD HiMite 5000 196 172 210 ~ 228 200
3} NewMite 4000 276 236 206 ~ 312 280
o FINEX I 308 266 331 ~ 3B2 310
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Hgsla WL eyt = Zope yiaupEol =7t ol & Aol HAEay A 44
BolA #gE dutolnt A b @2 guke ol F3E7F AN vATe] £x7} volx]
dabo] HA(FE 3-2 FR)FEE Zelzahl] 4 dstde ga=EE @4ds A
7S E6 HEd AESL o] FojFoF & Aol 58 posted wAAz F3 AdgdE =3

AHHo g Y FEntg B HEEE 3to] HkgAIzte] AolA RS A AR
7} 10,000 m/sol22 WAste FHT £ g7t HEE oo & FHoldh

49 435
b33
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449 FF FA%e £x(m/s) Z R &% (m/s) FFTF
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A 43 A 44

Et2ate] 9@ AlFol oA sepds
kel Aol e AFxLAY L FHEY F
FEd AFFFol UEF stojof = AR
T, Axsd ARl ZxHAe FAA AF
Alggol Fstm ZAxY Estd A d
T AE Aol Fbedite Holth
2AM Ade] AL AL & AolE 7t
A sytell gtk & 3-3& HAA @AHE
FEE BAFo E2utdA unslojop &
FEL2 35 dFd4e ¢ F U

AEHe Aozt A &3 ASeH s
o] FopZolrt 15-20cmz FA7E Yl F

¥ 3-3 AGLHLA NN aejstoo} & FE

ol A 2] A A2k(line charge) 7Hde]l obd
AFZF 59 AAolg 7HAx Yo 19 3-7
I ol A & ¢ gith

A wol7t AFFa Z2AY Hool ¢t
g3 Fgt2vl ouiAzt 1 M2 43T 3
S AFAe Zol7 06 ~ 0.7 m Y2 &
ztole gk, ot F7o] Slmm o]3tel A
Bo o Zurr gA A9E JFFF g
e} HgERs) Brla B 5 Qo d&d
ol A$ 3 FEL AFGH W9 10 ~
1.258) EdA A2FZE ¢ Yt HIFLS
A8 A AME 98 15m ooz
FABIA o & Aoz B,

Maximum burden Wmax (m) 0 0
Practical burden Wi (m) 0 X
Faulty drilling - heave factor F O X
Practical hole spacing Ei (m) 0] 0]
Under-drilling U (m) 0] X
Hole depth H (m) O 0]
Bench height K (m) 0 0
Column charge Qc (kg) o X
Botton charge Qb (kg) 0 X
Total charge Qut (kg/hole) 0 X
Specific charge q (kg/m’) 0 X
Drill hole diameter d (mm) 0 0]
Chagg; concentration, Que (kg/m) o x

om  charge Qe (kg/m) 0 X

column charge

Charge Height

bottom charge hb (m) 0] X

column charge hp (m) 0 X
Uncharged section ho (m) 0 0
Specific drilling b (drill m/m") O (0]
Width of round B (m) O 0
Plasma energy Epl (MD) X 0
Peak Particle Velocity PPV (mm/s) X 0]
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Diameter of Large drill hole B, mm

ANE AV 8% 24X gESFHA
T HEE 9Afdol old 2xf4d wnst
HXE% Pilot drillinge] 8 A 74
AT A4S 93ldol & Aojg. oy
g ddMe dFEE 715 bun cut’b
e $ . guwryoz g3 FAT 9
HE g2t ¥4 Ag #FAE 29 3-10
o2 JMgst @ 4 ded dYFrAEY FH
45 Ttz /EFH dFALE go
AE "o

azy EgRaldME PR i
Plasma 71% A 477433 A48 #49

A5m

a9 39 UFAT ¢ YY) YT
SR ER

o
(=]

w
=)

o

<

50 100 150 200 250 3C¢O 350

Distance of Plasma drill hole A , min

29 3-10 A I FalzalFate] Ao
3 #A

of ASE AS Bzt I Yol F
43 zastee FEERA LHH G}

34

52 28 += Qo a3y 19 3-99 ¢
o] &AHAQ Ealznl 71Zo] HA FozH
center cut& 7Hs3tA & F glemz 3}y
A&y es nzgdE £ o,

A6 A 7o 23 44

Zetzsh Sge) FHA ALY w4kl
Qe He 018 U449 HEe nzsu
A% gxol ¥8W =AY 2HAY et
¥e d4 T 249 23ndel o g
Fol @ ol

361 &4 s

Spefol] 8 SXo)A FofFEL ¢y =
71ell #AQlol 006 ~ 0.1 kg/m’ =79 w|F
AFE Abgsted AAYY. = FFFe 7
ol HaAgM 11WE 39 249 =7
7b 3~5m 4 9 F9 FE 242 3= Ao

dutgolt. ol ZopgsiolAel EAE
H49 wdelth ol wald Fahzule

Be AT o8 40 FEANo
SHHBZ b AL fasd 1 MJ9
dojA 2 4me] S48 HPYAL F Qo &
4o Arjd we} e AR E FAAA &
3o Hgg)

2 3-119A4 REukel o) HITAES
1omoll REE K49 Av]d ug 4z Fe

AAE AFe Eobzelz BgARY.
Afwol 6ol do]l Az FALHT FA

o BERE wertrd 28 BaANE

Hu«1,1x V

a9 3-11 4 45

KBRS 174 #297(1990.6)



X2 Y 9ot 9ot vjary dEe g
362 EdX 3

& .S, AY . stage A 4
sl 9od EdA 2R AFF Fo] F
Al e]RRor Tk, J1EVF i1 AS
B9 A AlFEojor & Y FAAYL
Eopuntg FAAY QA2 AFIActe =
e BA7} ZAY E=v) 5ge 1Y 3-12
9l e W ozl g 7h53i

HZ2 50 mm, AFA 06 ~ 07, BAEES
3123t 2T g Zold uwE seduA
g Zohwute A$E olg3td Y)W o
<3 gon AP AL A" e
o] & £ 3.

a9 312 =3 2F (AP0 s ARIVD
Edx] o} 12m H¥o) 15m A3 Smm)

A7Ad Eg=u AFAA

Sazol okt AED e o) 87
34 2Red 5 UE, 29, 22 L W
Azsteis A48 4 UE RolnE V)
He AANNRE FA0 0AE AT
wrgstel dAstelof ek,

mp riw nlo v
i

b @FEANA W e AFA 2
Gty BHRAIE 239 FHY Qe

K KBEMBEEE

35

723 A5 AYBAE YEIG

4. Ngdds AFEE ASE Foed 7]
2R Bdz0 B4duA 23 2 2HY
Ag gA @

o FAzPol e AT AEPHE
233

gajzoldl 9@ FATA NEHE A
A5 Add we AsHoz gasnz
A 5¥lA As® 5 Adzry FRd
AZAE olfaa ANAF HEFES T
2@ AQeANS AAWT. 19 3-13e
AMNESEE Smm/s ol FANAE @
g4 A2EY BY AL ANE Aes
gotzol ot AJAANA ARAFe] 27|
o Ao rE oAY 4

N~

<
A ETerTcerrRRReTTa e Ty

AENH : ;
A% P2 0% Bt #ejac mg  |utds
/
nepzvh e sgARs
REEE (%]
Om Sm 10m 25-30m

2 ¥ 3-13 A AFFEH AJEALR

o #A
1) FAAG g AF B0 =¥z, Ald
E BE2x2 FHE A2 AF FHLNE

5mm/s& 7122 &

2) ¢t T HASANA A 38mm,
HEF 15m,EZF=2ut quRA A$ 4
MJ/hole, 3tefgsteE A3 dojywioe
187 g/holed 71&%.



