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7t 604 1 (#R)Ssl) R 29 )k EL
B HE BR HMCE Dynamite, BER EF
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E 3) Standardization in tunnelling

I

I il

v

v

Rock

moderately
jointed and hard

fractured and

untable plastic

highly plastic
squeezing &

"Stable rock ] & squeezing
stratified or friable rock rock swelling ground
Kind schistose rock
Burden (cm)
Bit 60 65 70 80 -
Gage=38mm
top heading & top heading & line-drilling for pilling
Drilling full face (pilot drift &
bench bench bench) ()
occasionally S.C., WM. S.C., WM. S.C, WM. S.C, WM.FP,
Support sstematic R.B.forcap& |R.B. & Steel Steel lagging &
rock bolt R.B. for Cap wall rib S.C. invert
*S.C.=Shoterete R.B.=Rock Bolt =~ W.M.=Wire Mesh  Ca=For Pillling
BURDEN
#38 BTTGAGE
WETHERED
LINE DRHLING PILOT
DRIFT TOP HEADING
& BENCH
Diagram 1; Standardization of tunnelling
F 4) Effects of the bedding state of geologival strata on blasting
i ical i B . i
A strike vertical to Tunnel axis Para strike Toward No. relation
Dipping Direction Reverse Dipping Direction | Tynnel axis with strike
Dip Dip Dip Dip Dip Dip Dip
45°~90° 20°~45° 45°~90° 20°~45° 45°~90° 20°~45° 0°~20°
Most Adantabl C None-
Adaptalbe aptable ommon adaptable very poor Common None-Adaptable
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Il

Empirical formula

For Granite: ¥ = KW*" D'

For Gneiss: V =KW"D™*

For Concretebreaker: ¥ =D """ =7x0.06" D"
W = Amount of Powder/delay kg

D =distance m.

¥ = Partical Vibration Velocity cm/sec
K = Coefficency = E(R, S+ Q)

S.:
E:

Compressive St. kg/cm?
Powder Conpensation Ratio Dynamite = I

Slurry =0.8
AN =0.65

: Rock Coefficency

Seoul Granite =0.0371
Seoul Gneiss = 0.0206

Q,: Compensation by blasting pattern
Granite Gneiss
Bottom Cut 80 60
Open
Bench 50 30
Center cut 60 40
Tunnell
Bench 30 10
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No.410 SITE No.400 SITE.

COMPRESSION ST. 1,450kg /cm? Bench) COMPRESSION ST. 898Hr /cm?)
5.0 50
L~ o ,8\
| g S 2.0
2.0 1 £ .0
- V=138 /W) ~16 § -
& e |
§ Lof § 1.0 -
2t B
. ! - Z _ -
- 5 0.5 _Ec:> 05}
(=) 5 i
s 2
& | & |
£ S
>
R Mo 0.2
S - q o
%‘ 0.2 = [—
. O
. 8 - .[::
B
RS S E 0.1
" 1 i
[ 1 0.05""" L1 A A B 1
0.05 AN | ! 1 1 [ S D SIS § 5 10 50
5 10 20 50 100 ? ; 20 . ._IQO_

'SCAIED DISTANCE(m /kgl)
SCAIED DISTANCE(m /kg) m kg

Diagram 2; Particle vibration velocity Diagram 3; Particle vibration velocity

0.06kg=60g=Ammount of Powder /delay

Tunnelling & Bottom Blasting
V=kW(0.5-0.57) D(-1.5— —1.7)
H-PILE SITECCR USE

V=7x0.06 0.5D—1.75

V="Vibration

D=Distance

Diagram 4; Relation between vibration, powder & distance
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(& 5) Vibration coefficient
S.M.S.C. Vibration Coefficency “K” Value(¢36mm Bit Gage)

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 I | v V' I I m I\ Vv I I
46 42 38 34 57 52 47 42 7
Top Cut 66 - - - - 102 - - - - 127 -
74 67 60 53 93 84 75 66 116
26 22 18 14 33 28 23 18 4]
heading | Relief | 63 - - - - 78 - - - - 97 -
55 48 41 34 69 60 51 42 86
39 35 31 27 49 44 39 34
Bench | Bench | 76 - - - - 94 - - - - - -
68 61 54 46 85 76 67 58

(¥ 6) Vibration coefficient
K = COEFFICENCY(GRANITE)

OPEN TUNNELL
C%(]LA/EAET BENCH CUT " RELIEF

D 1,800~ 1,500 117 127 97
NS 1,500~ 1,200 106 116 86
& 1,200~ 900 95 105 75
1 900~ 600 84 94 64
E 600 ©] 3} 73 83 53
S 1,800~ 1,500 94 102 73
L 1,500~ 1,200 85 93 69
N 1200~ 900 7% 84 60
R 900~ 600 67 75 51
Y 600 o] 3t 58 66 4

1,800~ 1,500 76 66 63

1,500~1,200 63 74 55
A 1,200~ 900 61 67 48
N 900~ 600 54 60 41

600 ©] 3 46 53 34
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(I 7) Vibration coefficient
K = COEFFICENCY(GNEISS)

OPEN TUNNELL
Comp. St. BENCH cuT RELIEF

D 1,500~ 1,200 61 7l 4l

A 1,200~ 900 35 65 35

M

I 900~ 600 49 59 29

£ 600 o]5} 42 52 o)

S 1,500~ 1,200 49 57 33

L 1,200~ 900 44 52 28

§ 900~ 600 39 47 23

Y 600 ©]38} 34 42 18

1,500~1,200 39 : 46 26
A 1,200~ 900 35 42 22
N 900~ 600 31 38 18
600 ©]3} 27 34 14
(3 8) Allowable value of blasting vibration
Rock type 1 2 3 4
Glassification Cultural Treasure Housing, Apt with Shopping Center Factory & Reinfor-
Partial Crack ced Concrete Bldg.

Vibration Value

om/sec 0.2 0.5 1.0 1.0~4.0
(on Ground)

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

2. Frequency up to 100Hz (PLAN)
o Ve ) s o
4 9 ® H- o
$40neCCR /¢ ¢ pile | 2 &
s hole { § +~ ¢ : —
2+— Burden s H °
sl toem |3 3| . op
° F—Length .| 8 e CenEer @t
4 40cm ¢ e Hpile [Nk
2 . it
o H Ps H
] »—‘ ]
—t } : +
H-Pile Center H-pile Center H-pile
N\ {C.C.R) /
Burden 40cm /
1440cm Free Wall

Side H-Pile Center H-Pile Side H-Pile ‘
(3% 17> Blasting pattern near H-pile
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NO, 321 DRILLING & BLASTING PATTERN(ROCK TYPE I)
15

=1 G.D or Sl..
A )
—1.1lm——

F=2 G.D or Sl
V72 1]
1.lm—

Sl or G.D
% |

(3# 18) Drilling & blasting pattern(rock type 1)

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

I F=1 G.D or SL

—1.1m —

F=2 G.D or Sl

400.0

\ (BENCH) /
g /

=/ —— . e T

(2% 19) Drilling & blasting pattern(rock type 1)
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(A TUNNEL, MY0O DONG)-

NO. 321 DRILLING & BLASTING PATTERN

8=1:50
R=700

ROCK TYPE IV
0 DED
Others MSD

310
7~

- __,,.159—’1

/

® )
(BENCH) /I
/
/
Ve
- -~

701.6

{22! 21) Drilling & blasting pattern(rock type IV)

(WRHERE X BREE)

(INSTANTEL DS477 BLASTMATE)

SERIAL # 2060 V 5.3
CLIENT _ 9inn huh
LOCATION

USER

TRIG SOURCE geo or  mic

TRIG LEVEL 1.00mm/s 250.0 pa.(L)
RECORD TIME 4s
NOTES:

TRIGGERED Vert. at 14:38:04

04 July 1995
TRAN  VERT  LONG
PPV 1.14 2.79 2.92 mmfs
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FREQ N/A 64 64 Hz
TIME 441 3 30 ms
ACCEL 0.08 0.12 012 g
PK DISP: 0.002 0.007 0.007 mm
PVS 3.32 mm/s at 31 ms

PK AIR O/P  33.5 pa.(L) at 256 ms

FREQ 30

Hz

(SENSORCHECK (tm) CALIBRATION)
FT=75 OT=40 FVv=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 #
CLIENT
LOCATION
USER

TRIG SOURCE
TRIG LEVEL
RECORD TIME
NOTES:

2060 V 5.3

9inn huh

geo or mic
1.00mm/s 250.0 pa.(L)
Ts

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

TRAN VERT LONG
PPV 1.40 343 3.94 mm/s
FREQ N/A 64 57 Hz
TIME 36 119 31 ms
ACCEL 0.09 0.17 016 ¢
PK DISP: 0.003 0.009 0.009 mm
PVS 4.52 mm/s at 32 ms

PK AIR O/P  44.5 pa.(L) at 1110 ms

FREQ 30

124 /##5+(1995.10)

Hz

(SENSORCHECK (tm) CALIBRATION)
FT=75 OT=39 FV=81 0OV=32 FL=77
OL=38 FM=20 PM=3532 L=6l
Geo sensors passed Mic test ok

Calibrated 12 Aug. 1994
by INSTANTEL INC.

2. NATM 2} Scale distane %% %Ea=t

AR B ERNEEFHGER BE BX 3IHISRM
1986. 11. 3~7))

Empirical test

In case of tunnel blasting, there is only one
free-face the tunnel heading. 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 required. The
quantity of explosives to be charged, however, is
hardly extimated, as rocks very seldom show any
sign of homogeneous quality.

Experimental  tests therefore have been
implemented to calculate the specific charge of

the explosives of certain strength, the spacing of

|

1,200mm

{28 22) Experimental test of bench cut

Granite

800mm ol
(Phase 3)

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 a depth
of 1,200mm and firings are implemented at each
holes with varied charge of explosives until the
burden is teared off. Should it be realized, the



specific charge of the rock to be blasted can be
calculated by the following formula:

Ca= _S%V- whereas A =ndi=m; Aclivated area

POWDER & NO. OF CAPS

S : Peripheral length of charged room
Ca : Rock coefficient
di : Holes diamoter

PHASE(I) PHASE(I, 1) PHASE(IV)
BURDEN 60cm 65~70cm 75cm
HOLE SPACING 65cm 78~ 80cm 85cm
M/S CAPS 2 pes 3 pes 4 pes
SLURRY 225gx2=450g 168 X 3=504g 168 X4=672g
AN 112.5gX 2% =450g 112.5X3X2=675g 112.54 X 2=900g

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

T B9 W
# 5 D D D Seoul T 2t KR
V=41(-)7 14 V=124(-) 7166 V=100(--) 166 V=KWOS D175 | y=gw®s p-!3

e # W13 w3 W3 {Granite) (Gneiss)

BiE-EEY —100m +100m +100~ 300m —30m~ —40m

fa EE

Bit Gage $60~70mm #60~ T0mm #60~ 70mm #36~38mm

W AER KOVEX, M/S KOVEX, M/S KOVEX, M/S KOVEX, M/S

EREY BEREY BRET EREE

#ILHR Bench Cut | Bench Cut Bench Cut Bench Cut, Tunnel

%  #%: Bench Cut EBA(AME —EBE &P

18, V=1k#H#E(Cm/Sec), K = BF ¥ #EB (K, D=1§% Ef(m)

—_
3. W=

19824 47 8B E81A) oUd ME For
HWTHTEG-18 TE) miE Bgot g &
B AZCAER BRICE AW #EEE 10HY AAY
o B8 e 2497l WIS WFEsted ik 4
ARIe} Hafego 2 3 Alge] ARk HEElol
mEs) Inid AL wRE EFUL AL diRA
S BE BEEC] K PolEdMde BE

o]t}

AR, SoZ A& THE] 8% FH oA
= gojunlo|E S $#ela akBEoR RE
& Zhke M/S EREES LTRES S}

=X, 12 Jumbo HEAHE LR HIMOR
REE A.

AR, KBEEE Hiic THEtd Bailde
B F5s THRY BT #%7 ERAWBESZ &
Hatd 1 RKEs A
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A, kS FTREBC ABNE RH BEE
U fdmIE BEslY AR BiTEC] FRE
2 A, azjsle] 53 Bkl fgs 110 @
froll ol2e] TEult} [ HEf 14, 2% Hif 2
% ULES REES 35t slohdy #RE #E
B 250 g0l 3 Fo

olg)3te) Er ML MTH Aftol Wk A%
ZHEEGE 150 ¥EEESE BT 2TIES] B
fegkol B3 Bt BE 2 BES HESH HAd.
gHe YR7] ki A= B BuEEnS €L
M= HifToll &2 & e BEE S S Rd F
Wold FE Zolsled HYIFES NATM I
& EBHIAA FES HFY NATM HMRE

#FOBGTEEY HMmA% S P2ed FES
ok}, o] of FEHEONA FfRe NATM HM%R7}
BRE Pattern-S %71 Tol 1 B BRNA #iE
¥Rk 399 Burn Cut THolth 4 Lo &L
91 Somooth Tit ¢ line —drilling & #7542 o)
£ Forepilling TS #A A7 Aol
Mg T THEHS 40km £E RoIA TRk
@A 10085 MR HoRY AE TR K8
& Zo] opr}. o} AYo T Hele BEKE K
3 RES AE HRY LI =
EiEyol vEs Folhe IFAYge 4oz ¢
2] BeolMe F BE, K EE W LY S
wol A-g HTENH BHEHRBLARS HE
(V=Kw*D7 13, v=Kw* D) RE Bl
B Mo R2EES REEMEE Hnsad.
1971~74 489 9.5km 9] 18k W53} tlEo] oA

o
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ol Z4E 1978~8349]  54km ) 2%ER
1982~86 9] 57km 9} 3, 4% THEE 79 FE
of o]FoiH o 7 ERSHA HF olEBA &
%L, BT & FH iR sl f5E L
olgitjg dalglel gLl ETE A A A
< #F HTH B Byl A2 £8 AT
Ao}, 44k NATM MA 2 &L BHEel 3%
ft= 7% Grouting Tit ekt My 3H, g
W7 5 AR B B v £RR
o #FiLiLs vhHAS Aot

B BRI FIL %K 2 AN ¥EY
A 34 1187} Slolo} Ik ERIBOIME R
$og HE S0l Crawler Drill(MEZ ¢
60~120mm)°] £FE oL Jom Ei 2 HiE
E% Ejdoxe #AE 2Boom Jumbo Drill(y
45mm)o] F& FES )T 3or 199449 o]
28 @& Single Boom Jumbo(g 38mm)7} &3}
A A}k oA FRTE B/h EHET =5 B
B e EmEMels teeEe JL#Fl(Key Cut
holes)®] HzF Fflo] WMHETOZA Bk ik
MBS ol AR08 I Holtk Boom ot}
Basket & w20} #3, shotcrete, % 2 PR
7t 23 & & e FlEkoltt. 19954 o]2
7] &8 BES 20U Eo7] BN SE B
2%(Sequential Blasting machine)S HAS BPL
U F2 EES 43 e KiFold

oAl ¥ AL Ed Egol Macd HE
marking & B)R3TL Yol HE KM} B
31718 #iFshe vholh.



