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On the Blasting Technology Development of Korea
S &
Ginn Huh

ABSTRACT

Korea- America Tungsten Treaty is not only Earnning Us Dollar but also it was Turnning Point of
Tunneling Technology Development Such as a Burn Cut. Because 10th of specialist worked at
Sangdong Mine Under Treaty. The First of all, Experimental Blasting Pattern for Single Free Face
Carried Out. As a Result it has Brought the Burden and Charge/m?® and also Space Distance. After
The Center Holes are Blasted, Remain of The Works was The Implementation of Bench Cut Against
The Openning to make The Full Sectional are Required.

ao A e ;
Ca= W where as A =ndi=m activated area

S =Peripheral length of Charged room
Ca=Rock Coefficient
di=Holes diameter

Later in 1980, The Dynaite Explosive is Replaced into Emulsion & Mili-Second Delay Electric
Cap.

Segential Blasting machine were Applied in the Site.

The Subway Tunneling have been worked so Carefully for Vibration and Noise to near Shopping
and housing area. We carried out Empirical formula to solve city Envoirement pollution as follow

For Granite : V=KW?®sD~1.7

For Granite : V=KW?®D~!5

V=PPV{cm/sec)

K =Coefficency

D=Distance(m)

W =Amount of power/delay(kg)
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(E 3) Standardization in tunnelling
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Bit 60 65 70 80 -
Gage=38mm
top heading & |top heading & |line~drilling for pilling
Drilling full face bench * |bench (pilot drift &  {(~)
|bench)
ccasionall SC., WM. SC, WM. S.C., WM. SC, WMFP,
Support o L tl) I Y sstematic R.B.forcap & |R.B.forcap & |Steel lagging &
rock o RB.forCap |wall rib S.C. invert
% S.C.=Shoterete R.B.=Rock Bolt W.M.=Wire Mesh Ca=For Pilling
BURDEN
¢38 BTTGAGE
LINE DRHLING PILOT
DRIFT TOP HEADING
& BENCH
Diagram 1 Standardization of tunnelling
(E 4) Effects of the bedding state of geologival strata on blasting
A strike vertical to Tunnel axis E ke Toward No relation
Dipping Direction Reverse Dipping Direction el axs with strike
Dip Dip Dip Dip Dip Dip Dip
45° ~90° 20° ~45° 45° ~90° 20° ~45° 45° ~90° 20° ~45° 0°~20°
Most None- None-
Adaptabl
]ﬂiapta!be aptable Common adeptable very poor Common Adeptable
17 KRR BI3E 457(1995.12)
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Empirical formula

For Granite : V=KW*¥D~*7

For Gneiss : V= KWesp-1s

For Concret_ebrééker L V=03D = 7x 0.06%° D71
W= Amount of Powder/delay kg

D=distance m.

V= Partical Vibration Velocity cm/sec
K= Coefficency=E(R, Sc+@Q,)
Sc=Compressive St. kg/cm?

E; : Powder Conpensation Ratio Dynamite=1

Slurry=0.8
AN=0.65

* Rock Coefficency

Seoul Granite=0.0371
Seoul Gneiss=0.0206

AT Compensation by blasting pattern

Granite Gneiss
Bottom Cut 80 60
Open
Bench 50 30
Center cut 60 40
Tunnel
Bench 30 10

PN OE 35X
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PARTICALE VIBRATION VELOCITY(cm /sec)

5.0

2.0

1.0

0.5

0.2

0.1

No.410 SITE
COMPRESSION ST. 1,450kg”/cm?® Bench)

=TT

0.05

N W W |

{ a1t ] 1 1 1

50 100

SCAIED DISTANCE(m /kg3)

Diagram 2 : Particle vibration velocity

- D=Distance

PARTICALE VIBRATION VELOCITY(cm/sec)’

No.400 SITE.
COMPRESSION ST, 898Hr /cm?)

5.0

20

T

I_TUTI T

05

0.2

0.1p~

V=g0(D /w%) -1.67

- ]

[N | y E— L

1
10 50

SCAIED DISTANCE(m /kg2)

Diagram 3 : Particle vibration velocity

H-PILE SITECCR USE
V=7x0.06 0.5D—1.75

0.06kg=60g=Ammount of Powder /delay

V=Vibration

Diagram 4 : Relation between vibration, powder & distance

19
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(E 5) Vibration coefficient

S.M.S.C. Vibration Coefficency “K” Value(#36mm Bit Gage)

A AN SLURRY DYNAMITE
Compression | 1,800] 1,500] 1,200] 900] 600]1,800] 1,500] 1,200] 900} 600} 1,800] 1,500
Strength kg/em? | 1,500( 1,200{ 900| 600 1,500{ 1,200{ 900| 600 1,500/ 1,200
Phase| I | D {OD | NV |V |10 |m|WNV]|V ]I |OQO
46 | 42 | 38 | 34 57 | 52 | 47 | 42 71
Cut | 66 | — | = | = | = 102 = | = | = | = |127 ]| —
Top
74 | 67 | 60 | 53 93 | 84.| 75 | 66 116
. 26 | 22 | 18] 14 33 | 28 | 23 | 18 41
headng| potief| 63 | — | - | = | — | 78| = | = | = | = | o1 | -
’ 55 | 48 | 41 | 34 69 | 60 | 51 | 42 86
39 | 35 | 31 | 27 49 | 44 | 39 | 34
Bench|Bench| 76 — — - | - 9 | - — — — — —
| 68 | 61 | 54 | 46 85 | 76 | 67 | 58
(¥ 6) Vibration coefficient
K=COEFFICENCY (GRANITE)
COMP.ST OPEN TUNNEL.
(kg/cm?) BENCH CUT RELIEF
D 1,800~1,500 117 127 97
% 1,500~1,200 106 116 86
& 1,200~900 9 105 75
1I, 900~ 600 84 94 64
E - 600 o3} 73 83 53
S 1,800~ 1,500 94 102 73
L 1,500~1,200 85 93 69
g 1,200~ 900 76 84 60
R 900~ 600 67 75 51
Y 600 o3t 58 66 42
1,800~1,500 76 66 63
A 1,500~1,200 63 74 55
N 1,200~ 900 61 67 48
900~ 600 54 60 41
600 o3} 46 53 34
KEE A I A 20




(E 7) Vbration coefficient

K=COEFFICENCY (GNEISS)

COMP.ST OPEN TUNNELL

(kg/cm?) BENCH CUT RELIEF
D 1,500~ 1,200 61 71 41
N 1,200~ 900 55 65 35
“%4 | 900~ 600 49 59 29
E 600 ol3} 42 52 22
s 1,500~ 1,200 49 57 33
- 1,200~ 900 14 52 28
R 900~ 600 39 47 23
Y 600 o]3} 34 42 18
1,500~1,200 39 46 26
A 1,200~900 35 42 22
N 900~ 600 31 38 18
600 o}3} 27 34 14

(F 8) Allowable value of blasting vibration

Rock type 1 2 3 4
Glassification Cultural Treasure | Housing, Apt with | Shopping Center Factory & Reinforc-
Partial Crack ed Concrete Bldg.

ibration Val
Vibration Value 0.2 05 1.0 1.0~40

(on Ground)

But 1. West-Germany Vornorm DIN, 4150, Teil 3

2. Frequency up to 100Hz (PLAN)
: ]

H e Walll b Side =
E-—OneCCR : g é H-pile Ei
H hole 18 H 3 oM

¢t—Burden 3 2 °
° o R

1s 40cm ° ° °
H E~Length {5 H ¢ Center | |
el goom HE 2| Hepile [SpR
; i i
s - Sy
ey ;.J .

iLpile Center g ple Center  p oile

(C C.R) /

Burdcn 40cm \
Md()cm Free Wall

Depth ..__Jcr
& # 7
im

Side H-Pile Center 1-Pile Side I-Pile
(2] 17) Blasting pattern near H-pile

21 KEERNE H13% 545£(1995.12)



NO. 321 DRILLING & BLASTING PATTERN(ROCK TYPE 1)

|F=l G.D or SL
% :

% j
—llm—

F=2 G.D or S,
V2% T

1.lm——

Sl or G.D’
%_ . | I

—11m—

(8 18) Driling & blasting pattern(rock type 1)

NO. 321 DRILLING & BLASTING PATTERN(ROCK TYPE I)

* F=1 G.D or Sl
= 1.Im —{

F=2 G.D or Sl

(BENCH)

342
-

o~ —

e e ——

(38 19) Driling & blasting pattern(rock type 1)

REXER WL 22
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(A TUNNEL, MYO DONG)- ) S=1:50

R=700

ROCK TYPE
0 DED

Others MSD

200

504—
®
o
2

' 150 —
T ]
! /
\\ @ ]
\ (BENCH) //
& \ /
N\
N P 4
~ N~ - — - -
701.6
(23] 21) Driling & blasting pattern(rock type V)
(ERIRENE ¥ BREE) TRIG LEVEL 1.00mm/s  250.0pa.(L)
RECORD TIME  4s
(INSTANTEL DS477 BLASTMATE) _
NOTES

SERIAL # 2060 V 5.3
CLIENT 9inn huh TRIGGERED Vert. at 14 : 38 : 04
LOCATION 04 July 1995
USER ' TRAN  VERT  LONG
TRIGSOURCE geo or mic PPV 1.14 2.79 2.92 mm/s

KB KB EEHE 24



FREQ  N/A 64 64 Hz
TIME 441 3 30 ms
ACCEL  0.08 0.12 0.12¢g
PK DISP : 0.002 0.007  0.007 mm

PVS 3.32mm/s at 31ms
PK AIR O/P 33.5pa.(L) at 256ms
FREQ 30 Hz

(SENSORCHECK (tm) CALIBRATION)
FT=75 OT=40 FV=80 OV=32 FL=77
OL=38 FM=20 PM=531 BL=61

Geo sensors passed Mic test ok

Calibrated 12 Aug. 1994
by INSTANTEL INC.

(INSTANTEL DS477 BLASTMATE)

SERIAL # 2060 V 5.3
CLIENT 9inn huh
LOCATION

USER

TRIG SOURCE geo or  mic
TRIG LEVEL 1.00mm/s  250.0pa.(L)
RECORD TIME  7s

NOTES :
TRIGGERED Vert. at 15 26 : 20
04 July 1995

TRAN VERT LONG
PPV 1.40 3.43. 3.94 mm/s
FREQ N/A 64 57 Hz
TIME 36 119 31 ms
ACCEL  0.09 0.17 0.16 g
PK DISP ; 0.09 - 0.008  0.009 mm

PVS 4.52mm/s at 31ms
PK AIR O/P 44.5pa.(L) at 1110ms
FREQ 30 Hz

(SENSORCHECK (tm) CALIBRATION)
FT=75 OT=39 FV=8]1 OV=32 FL=77
OL=38 FM=20 PM=532 L=61

Geo sensors passed Mic test ok

Calibrated 12 Aug. 1994
by INSTANTEL INC.

2l. NATMZ2} Scale distane 1% B

IR Bl SEILekGHE #% #5318
(ISRM 1986.11.3~7))

Empirical test

In case of tunnel blasting, there is only one
free-face the tunnel haeding. After the center
holes are blasted, the works which remain is
the implementation of bench cut against the
opening to make the full sectional area re-
quired. The quantity of explosives to be
chared, however, is hardly extimated, as rocks
very seldom show any sign of homogeneous
quality.

Emperimental tests therefore have been im-
plemented to calculate the specific charge of

the explosives of certain strength, the spacing

Granite:

1,200mm >
(Phase 3)

800mm

(3% 22) Experimental test of bench cut

of holes and the diameter of holes to be
drilled, as shown in the following figure.

As shown in the figure above, a series of
holes are drilled at 800mm behind the face to

KEETEHE 134 E4%E(1995.12)



a depth of 1,200mm and firings are imple-
mented at each holes with varied charge of ex-
plosives untill the burden is teared off. Should
it be realized, the specific charge of the rock

to be blasted can be calculated by the follow-

Ca=§AW whereas A=ndi=m ; Activated
.area
S : Peripheral length of charged room

Ca : Rock coefficient

Ing formula :

POWDER & NO. OF CAPS

di : Holes diamoter

PHASE( I ) PHASE( D, M) PHASE(IV)
BURDEN 60cm 65~70cm 75¢cm
HOLE SPACING 65cm 78~80cm 85cm
M/S CAPS 2pes 3pes 4pes
SLURRY 225g x 2=450g 168gx 3=504g 168g x4 =672g
AN 112.5g x 2 x =450g 1125g%x3x2=675g | 112.54gx 2 x =900g

*EX. SOFT ROCK I FIRING/ROUND(2 LANE SILULTANM WLY EDE)

g2e K BE

& 9 D D D Seoul #IT58 it ot

V=41(-)"" 4 |V=124(---)" " V=100(---) " V=KW*"D" 5 V=KW*D"?

L W 1/3 W1/3 W1/3 (Granite) (Granite)
BiF- s —100m +100m +100~300m —100m
il )
Bit Gage #60~70mm #60~70mm $60~70mm $36~38mm
HRAkSHE | KOVEX, M/S | KOVEX, M/S | KOVEX, M/S KOVEX, M/S

' BREE EREE BREE BEREE

ZILFR Bench Cut Bench Cut Bench Cut Bench Cut, Tunnel
% % : Bench Cut B8R (e - Ha@s HE)
{8, V=3R&HE(Cm/Sec), K=B5¥E £E& (Kg), D=8 B4 (m)

3. o

o X

o}
=

rr

19824 47 8B Sata FYH Ag T
WTHTE(3-18 TR) M Bt #Estad.
AL SR Y EEE 108 AA

KK EH R EE

2ol 28 Q= 249909} BEILE dEoted i
ARfe] SRIEELE T AR A HHE
o] s Euld AL T FEIT HE HE
A HET BE HEEC K dolediits
ERolth
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A, o= NeTH THY B A0 Joly
€ tolyntolE RS Fetn SkigEez {E
3 Bk M/SEREE S TRES .

=7, FILE Jumbo EHEE TR AR
HEE A.

AR, KBEEE Hiic TRl Bide
B ane THEE L ¥ BARECR i
Hstd BT (fEe EA.

YA, KR BTN AR FE R
Y EIE= Bl £EtS BEfTE ] FHE
g @3 13l 53 EEERe) fEERS 110
BAETol ol=8 TRErbch 1k Hf 14, 24% 60
24 L& RAES HFHL siohiY 8182 il
#= 25089 ErI= Aot

o3l HHEE A& HMTH At I B
ZERE TEo HHEECE M £ TR it
TRl #3 B3t B 3 BES fHiEsH =
o. = 49X Bt AT & HilEn e
dIME T71E Folste EEFAl] NATMY
TH:E #EAZA FEM ARl NATM M
*E A PGTEES HEE 2he 2ed +
%2 gokth. o] of HEFEANA ZE= NATM &
FI%7t 8% Patterng S&7} Tol 1 R BN
A #iE R 129 Burn Cut Tikolth Eig 7L
of H#ITHY Smooth Tk 2 line-drilling&
#hagiiiEdl = Forepilling TH:E A A7) Aol
.

A& HTH THEES 40km £ ROl T/
Jb& s@sl A 1008 MERT7E SohEY M HiR &

= @o| of}. off Aoz Hmgls wiE
A REpS M AR B FHHEE EEY
o &g FoMs AHPT= Aoz ¢8 £
AT F=EE, WEE B H1o #Re Pl

L vl

AE HTEAT BERREERARS #E(V=
Kw® D713 V=Kw*D™"'7) B & ke #
Y M RefrEs EERERZ FHEsiad
1971~74%9) 9.5km¢o] 1358 MET tjBo] &
Aokl ZeE 1978~83%49] 54kmo) 2454
1982~864E2] 57kme] 3, 4% TH= A9 5
Ao olfojFom 7Y BESH 7HE olEgAl
F&e, BT 269 iR 298 AT Yo
o|Bo siatglo] HAHHY T BA H A
< R HTE Ex B b A2E =S s
Aok, 4 NATM BAC R R0 BH5e] +
Eibe TRe Groutiglhik: &M %6 FHl, Mk
By 3 5 M2 Bl RS S2luet AR
o Fitis vtEd Aot .

Bkt BRI ZL S 2 KSR Yok
Al 3fr 1487 Eolof dot. ERHANME AE
B g FE S0l Crawler Drill(MEZ ¢60
~120mm)e] £7E ol FL Qlov EH 4 HmE
EH Hdelld= BAE 2Boom Jumbo Drill(¢
45mm)o] F& FiES 28 glon 199440
ol28] E#E Single Boom Jumbo(¢#38mm)7} &
%A =it o)Al RRUE s Y B
f BEgE Fel EREEels deo 2 JRIL(Key
Cut holes)] whzsfl, Fflol WhEd =M Bk
] 3ES Eole Aolg I ffolct Boom o
ot} Basket2 ujdo} #tiH, shotcrete, fEE 2
A7 et & 4 A Figkolth 1995
FA o2 EF) BEE S0vRt E017] BaA
% EX B8152% (Sequential Blasting machine) & &
9 o F& TS 23 s Kol

olAl ¥ AL B 2ol Mace] HE) mark-
ing& BRI Yolvt BE) IR} BB
£ Hif¥she Hholoh
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