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Blasting Standardization works for NATM on the
Seoul Subway Construction by Dr, Ginn Huh
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Abstract

On the Seoul Metropolitan Subway Construction of No. 3, 4 Line, the total length is 57 Km
and it is now undergoing almost 55% progress. The working method is classified into Open Cut
of 709% and the rest of 30% tunnelling method in the 48 job site. Above tunnelling method is
execute by American Steel Support System and the rest of 10 job site carried out by New
Austria Tunnelling Method.

This paper describes Blasting Standardizations works on the above Tunnelling & Open Cut
Method under big slogan, first safety, second execution. As a superintendent, I strived standardi-
zation of works with Better powder, Better Drills & Better Pattern. Geological structure of Seoul
area is composed by Jurassic Granite and also the above rockgroup are over burden by Alluviums
as a Unconformity. First of all, I carried out the standard ammount of powdet and burden through
experimental standard blasting by each powder as following Blasting works in the subway
construction is surrounding shop Building, under pass the city river and also under pass highest
building basement floor.

1 made allowable Blasting Vibration Value by West-Germany Vornorm DIN 4150, Teil 3 and
should measure each blasting works as follows all of powder is used basically Low-Gravity and

Relation between Rocks, Powder & Burden (¢ 36 Bit gage)

_Rocks Cm 1 11 10 | v i v {
Powder ¢ 25.28mm (Hard Rock) | (Semi Hard) (Soft)y | (Wethering) | (Sandy) |
Gelatin Dynamite ’ 60 1 65 i 70 . 80 ( ” i
e T IR R S M
Sturry | 58 | 63 | 68 | 8 "
Ammonium Nitrate ‘ 55 l 60 ‘ 65 ‘ 75 ‘ ” %
Tunnelling Method i Full Face [ Top Heading 1 Line drilling For pilling pilot§ i
(with Burn Cut) ‘ & Bench | Pilot drift Top | drift Top head-% ”

{ heading &Bench ing & Bench |
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Blasting Vibration allowable Value cm/sec

Class | I 1 ] 1 | 1V
Kind of Architect j Cultural assets House, Apt } Shopping Center I Factory
Allowable Value on |
the base ground Cm/ 0.2 0.5 1.0 ] 1.0--4.0
Sec }

Low Velocity such as Slurry, Ammonium Nitrate & Finex 1. II. for Smooth Blasting Instead of

Gelatin Dynamite.

Electric Detonation Cap is used basically M/S Delay Cup instead of Electric delay & Simul-

taneous cap.
I applied following formula
V=KW$D-?
V=Particle Velocity (Cm/sec)
K=Ginn Hubh's Value
W =Delay Charge (Kg)
D=Distance (m)
In the Open Cut,
following
V:7W0.5V*1.75

within 1 m distance from H-pile I made to use the Concrete breaker, as

On the Concentrate Building area, I advise to use Light class drill ¢ 36m Bit gage and advance
1.1m per round blasting the three boom jumbo drill over ¢45mm used only suburb of city.
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o= KRR TEeL HAMEAA Se7hA
Ftel ok & RHRARLE RSt vt

EF B AR B fEke K B
Fell A 19814F LAk MWIFE ¥ B 5 i
TS ol Pdel ERRel 36%, BBl
31%% @ Je BHEs ez e
ofo ® (RN HHMLE BYSIT dw A
olv (¥ 2-1, 2-2 2R)

W. me k3
1. &7kiRZE (Slurry)
rholtrte] B 1] E 2 (Nitrogel) -2 (U E=

=)
=l

#16% 25 38%(1983.9) -

M/T
27,000 -2t B AEH AN

&

24,000
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15,000
12,000

782 K8

¥ (36%)
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2] 4] 8 (Nitrogriserine)oll o} Y ER A -F32
BLar ) HEe sted el = 5o
el e,

2% THmELE(ANFO)o] BHEsle] HEfHoN ch
el FIBhe 2 FiE ¥ RE shAgtot
BiBdEel ale) Kildly MRS dE Fol A
ek, o] BhE grRrdE zle] Canada o) FILEZHAT
H.E. Farnam =+ B¢ M.A. Cook Fgel [
Bigcoll e Al 19564 =] BAZS Gykigsse]
vh, 2Ev AR Bl FEteze BHE
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WFR MK S #E (SLURRY PROCESS COMPARATIVE TABLE)
EE7) T
Zptel 93 Ae= &4 RS Y& Aoz BrAw.)

Fuel &

& i o2 o®m R Oxidezer Thickenner | CToss Linking H,0
Sencitizer & Aerator
Dupont AN (NH,NO;) MMAN Cum Sodium Lauryl 15%
(Water Gel Tovex) | NaNO; EG. Sulfate ’
IRECO AN 68% TNT Al Gum — 15%
(Slurry Iremite) 17-40 0.1-12
N. nobel AN, SN Al — Microbaloom 15%
(Emulision Reolits) SP.C Wax, Oil
KEC AN l MMAN Gum K,Cr,0, 15%
‘ Al
(E-1"%%> i ke Slurry 2] s
‘ x 5 |
& B §OREE A& K (%) % it ® o & ¥ |
B ow| oW o
S — —— ——— - - PR R ,,,7I
TNT A Slurry TNT 17~60 AN, SN, BN, SC, NaP, C 15 8~40 [
CB A Slurry CB 15~35 AN, SN, C 15 12~16 ‘
SP A Slurry SP 20~60 AN, SN, BN, SC, NaP, C | 15 2200
HSSP A Slurry HSSP 20~60 AN, SN, C 15 2~20© |
TNT/A1 A Slurry TNT/A1 5~25/0.5~40 | AN, SN, NaP, C 15 10~30 |
SP/A1 A Slutry SP/A1 10~25/1~40 AN, SN, C 15 12~30 i
A1 A Slurry Al 0.1~40 AN, AN, /SN, AN/NaP, 15 6~30©
e 0~12 NaP ;
i BAKEA Slurry ERE 4~15 AN, AN/SN, NaP, SC 15 3~16® |

(g) CB: Composition B SP: Smokeless Powder
HSSP: High Strength Smokeless Powder
AN B®R SN : #E soda
NaP : BEI# % Soda
C:#a3 A (e AN/SC & Wrsh=l a+)

BN . #4FEg barium

SC: &

© : Formaldehyde, Ethyleneglycol, g %3} o] ol #H#sts AL VRLES @

SRS RS R, MR K S H
A HER KEste =3 BHE 7tast BREF
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FHBAEELY BAHd dsbd 2Addl=
o 2 R FHLEE 27 Dynamite 71 26
/120910 H3 SKIEEE-S 0/18319] HER K
&5le] vk, B 7ol BN = HERES
of WekA ZEE ovt HiNA Dynamite o [
A Gas 9 RS BESH AL fEolvh, 1
gy FERE Sl dolvir] -2 kel A
L ABol He 5 o =I ERFEHEH

ALY EREES WA Sk e FLAHR
€ w9 BE g,
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NATM (New Austria Tunnelling Method)
(Rock Bolt ¢} ShotCrete-& E£HE & Fff
2A Y BEMN BLE B mHEsd mE
o AR FAI e ZRHENE BEHoE iF
AR A BEis @4 edg mIske i
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T T T T USAIRECO [ USADupemt(Tovex) | | [USAT
& jit % H & I # |HAX{HE Dupont
S N = - S - A f i3 L RBkE

& H | IRE- IRU- | Sunvex| Sunvex Sunvex - Sunvex| ENA- | ENA-
) Gel Gel  (Chitagel 355

0 .| mit Gele | 100A | 200 | 220 | S10 |MA-7 |MA-8 | .
e LN B Gel Gel Gel Gel Gel Gel Gel Gel Gel Gel

BB W kWK B k| ASE [ H99 | 885 A5 A ¢ 29 3 4
1.16~ | 120~ | 1.02~ | 1.20~ | 1.10~ | 1.05~ | 1.05~ | 1.05~ | LI~
B B LI Ty og UTlag 106 Lo L3 L5 L1511 1.2

e = ® %] 425 +0.7] +10 +o.7[ +12| +12| +0.6| +26| +15

g | # o R mo~s0 s s10 0 | —
OB IR F | 70~T5 —1 70~75 | 70~75 | 70~75 | 70~70 | 70~75 | 70~75 | 72~76 —
% S |4, 5~5.24,7~5.45.0~5.55.0~5. 55.0~5. 55, 0~5.54. 4~5. 44.2~4.84.5~5.2 3.9

Pl Hoss E B | 1416 | 17~18 | 17~19 | 19~21 | 17~18 | 15~16 | 14~15 - -
mR @ m 00wk l0BE 8 8| 8 8| 12000k 12050 8
% 8 E| 35— 2k 26k 28| 2UE [ 26 | 26 ( 2~5 21
x| s %| 755 80| 0| s30| 90| 80| 80l 780
% ® ® | 90| 1,020| 1,040 1,110 { 1,080 | 1,110 1,250 | 1,200
% @ % @ | 2700 2,050 2,120| 2,270 | 2,300 | 2,330 | 2,800 | 2,650
#|X % 7| 8360 | 7,000| 7,820 | 8330 | 8380 8200 9,300 | 8 630
?& Gas [ 3144 | A4 |44 |94 | 295 | Ae5 A94 |de5 | ¢ [+ +
2 # jprsiot S ﬂ‘%%m]mwm ﬁmm)m&m’fWﬁWfW%ﬁim WP

W e TRE MRAE Tielnh. o4l did @Eko 2A: o /E4Y HES #
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| I ; 1 ﬂ 3 N | v
. : - o
!ﬁ B ®E B o2 | K 2| R £ B|®W ®» =*
s 5 (stable rock) (moderately jointed] (fractured and (instable plastic (highly plastic
iand hard stratified friable rock) | & squeezing rock) sgueezing &
'or schistose rock) swelling ground)
BYBHK
{E(ggglm 60 65 70 80 -
Bit Gage
! line-drilling for piling
@ 2w 2 B m| &= B @ | % W W | RN REE | £EH SHE
. (full face) | (full face) (top heading (pilot drift ! «( » )
[ | & bench) & bench)
#4ame RB. | SC, WM. S.C., WM. S.C., WM. SC., WM. FPp,
* £ | (occasionally ) E#xo] systematic| K3 {8Ee] R.B. & Steel rib | Steel lagging &
rock bolt) | R.B. R.B. SC. invert
* SC.=Shotcrete =~ RB.=Rock bot
*W.M.=Wire mesh F.P.=For pilling

#1648 5 35%(1983.9) - 9 —



2-1F\> Mg

B F & B R E E

BO® ] 2 % # (Loop Line) | }

1 i1 B O® RO B®O®

E 5 k # | % @ |

= ® L. 4% B A e E HE—L&E Fragin— EinE— EEE—- ‘[
—Hl | BAR | RTE wER |

km 120.6 | 05 | 488 53 | 27| 30

2 102 9 | 13 3 | 2 | 24

# w | o3 % | o2 | ~ 2 | s

XA M E 5| 3 | a5 | - 85 | 3.5

mow owmom | 7i—84 | 71-74 | 78-8 | 83 | so—s1 | so—ss

REARM | s0® | 100 | 150 | - 120 | 130

li-,iff@,fl I | omers| | s

85 | 55

o] 7]l IR WERE e M2E T
EozA fdgdAE Loz RESH 2
o] 19824 A M THEHAMS SEMFLRY =
Broll f&s] BaFie] GCrtel AA9 JARTS 9
KRl et SETES HoF ETE
ol BERAZIZ 3t REtEEEH ol =2r]7tA
SMEIE IR BB Tl #TH @i NATM
T &b T2 HEE 23 dnk. NATM I
€ 3A) Ve B FHEE A =l
GCtoll A BMREBEAEMER RHEMK Sc
hwhellt #+7F ZHEE, & EAFiHTH BH
AR EEE WBRS Sty HF HEs =
24 NATM A @8 TE A28 g =4
shgieh, o7l 4 FHEES Awle] Burn
Cut, &Flol= Smooth Tpk 2 4E#EHE line
drilling %8 FHAstz ko= B A
3ol M/SE® 19%, D/STEE 16% #HH 3HH
Bz o BHE BTIVE Sl 21TE
of B3 BELE 87 A BELES oS
ol AA A 155 5F74A I
1. st Pattern g =437 o] A4 wb=A
EEEWE st & Add= 35 A
g el ok Frl
ool wlebsl ] HANA A gt Qe
bEHe] W FHAAAX 7 F 24 VRS
o},
oh-g8

O

2% ow EBILE o4& FHs

NATM 3cfRell wh-2 = ol =Hof glrt,
2. ® 6t BiLREl] A g3 ARl 7AlE o

ol HZE Aoleh, o] FellA # F+ Xl

A% WTE REEHFA RAEE 0.5cm/sec o]

ct.

3. oleldl IREFARAMEA w2tk WA Bk
#EREL T ok At ol F AWM= BEIR
kol Rl =ofok sl HAY HIIKXL

V=K. W¥* D7 2o|r},

o] Aol A K HHE, HF, B M
B Y BwEd web dstestes HI Kok
BB HiF ©A oyl dEe o] EH s &
& sk R K& A8z gl

3. MSHTHIE BufFkiEst

3. F W

EREH 2 K Hiled g TEd EX
ZoRlell 3 KEM o] Kigdhel olo] vl W
sEg $EEFE RSt fEECl EAaE HishaA
SEEERE AT E HRAS ol et vk

3-2. BWHRY #HER

AEHTE BRTHE FAs s REEL BE
EHES FAle 2 ste) Dynamite & h#slx
KIS, WMREE BEEESES AF EHE
% 3tz ERETL BE ERSE M/SEEe
2 REERI}EEY RES A2

V=K.W3¥4 D2

WL &



{(3-2%, K 7@ - {,7% -
5’:’::» Tunnel E Eil Tunnel T
g 13} &5
K & & B ' = * 7 Cut Hole ’ Stopping & Wall | Bench Cut
| W2 400~300 ] 250~180 | 200
I A N U I | s00~200 | 150~100 | 100
K Bk | 200~100 | 90~ 50 | 50
‘ T ~ ~ 48 53
! Slarry (& Kk B %) % | 100~ 80 | 67 \
| oo | 80~ 83 | w0~ 2 | 27
| g MS BFS RS 38 ‘m o ! 53— 27 i 7‘274;\:}4 ‘» » |
‘ sl : = i N l ~ 92 102 f
Swrry (& & m @ | B # | 208~154 129 |
B % | 1s4~ie2 | 77~ 52 I
MSTHE AdNE 2E) B AL \ 102~ 52 ' 46~ 27 _—
1 - 7 lm om | e~ | 47~ 34 38
| o % 2 w | B ® | T |
A B # 56~ 38 [ %8~ 19 | 19
MS EHE EANE HE) s | wen | v~ s | 3
- . s 4~108 | ~ 73
| . 4 i | B |7¥ 144~108 | 90~ 65 ]
| o [ 108~ 73 ’ Bd~ 37 | 37
‘ WSTHE feRdag SR Bfe# | B~y m~17 | 17
X R ] s~ |
F-1 F-1 oo ( | 70~ 60 ]
AL 1 [ . e~50 1 ]
V . Particle velocity (cm/sec) ket
K:fk % A, H-Pile ffiarel wfl& =1 W{fFste] by
W88 (ke) BES ERE ‘
D:jf #:(m) o, RS BER IR & R
o7 A Kfie FREeld EE, i, HiEy e},
B, Bl wel 8l 9714 FH A=), H-Pile -2 ksl 1404 Huisld
Kot #HiE K Rt #o 2 dl o Ao}, 1
4-3. H-Pile {9 #ug
4, BARS WEREZ HE Bpisst (1) H-Pile (659 #i#2o BRAFKER fFis
(NS TH#HAT THER FI558EE2R) EHlo.2 ghoh
4-1, RS WR{EEL H-Pilefyrst AR (2) ﬁi‘% E@:#Fi_i ESE! ??oﬁﬂiﬁ{— $:HU°;”
o HWEEer E4xch H-Pilefffitelet EEEEY K-S wol o2 FIH| #Es)
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S BAE v A Ho-s w3 72Rd FEEE  © 40cm
4-2. BWIEES }E3l 22 JHF Keld 1 Z24L Zle]l  : 60cm
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b EREUA A SEvddE Jeor RIE
3t BABEAMLR v glow TEMNFLEHRAT
9] E£E7 % s}t

olwl MTEMITHEIEHE Pattern & /hafKe] K
#sroz Burn Cut L REAs o) BEES
T —F Jum bo BAc® kO Burn
Cut g1 Cylinder Cut & RBist v} 9o}

T 7] o] FEE el 2B SILEE
o BFIE RIEFLE &IBTo.2A 1 o] &
£ BIE 75k piEslH ololA BB~
o Yoz =AFEoZ Fohie JERHoR
ZIE GA sl FTAWAE ERESI e Hik
ol e},

whebA EHel miFEE Al MRS 8inss)
spEelel, ol BAES HE, B RhH [
FLERER el 2R Yok, =EYol [
B ERC] BEISA BReskR JLIEKETAA 8
Bo 2 [WHitd BMEfEEGe] U HBHEe
Adg 5 gA 2om RIS F4E Fou 2

W= G Aol v BIE Kol AMIEN
+ 2A &% Fv}, a8ln %@dl helA
EA I A9 o] TEEE ¥ LEL Y&
a2 BWHERERDA mgol %D‘r.

A& HTERER NATM TE 4 E@As
Ae FIAHE7 & HOEE6mm)d A & 5-1{8
a4 ®E dhel e Burn Cutelw Kk (Ju-
mbo 2 Boom ¢ 45mm)el| 4 &= F-24]4 #%= u}
¢} 2+& Cylinder Cut 7} B+ &k 6

MBI g



{5~-1M)> No. 415 Drilling & Blasting Pattern
(Hoe-Hyun Dong)

2 R kel

4] Rek,

S=1.50 AEHTE 45TE RARE € BXIEFE
R=350 T H B
Rock type 1 I S
OFs: DED 1. A #Fite @8 Tes B 3 Tunnel i
: 8. o s MSD ol Al KAFFEHEE 16m #7458 JERT A
QQF [ \ 2. EMT e EFH Tunnel Kifell 4 15m
}@// /‘©/ "o \\\‘i AR e @R TR T Pattern & HAT
16 7 @
,\s} s}‘e{a ej&s \0 7/‘\-1 .
olp ¢ /"
/) ARG Bt
N 19 144 A2 3 13
hd /@ 13 %= _2(5 > 1. XJ"F%EII‘D‘]_' —Q- B]':/{] Burn Cut & BL-—"]”_GL
I@ F:r-éry-ﬁ—rl °E.“E° st -o-rr-.-f’.q 2. ALX Blow Plpe(_l z}3 952 1% 714
N H
5-—r‘.,_urrmu::w:;;u.ww*u w shAlsl FaAT A
: ! 3. 3 EWRAZ 93t F-13 F-2 line A F4 vt
! -
! \ ¢ BENGH ) i & BAE Fag A 5/D=0.8
5 \\ ] 4. Air Compressor 7} 2F&boll 4 500m o] A+ 4 o}
A gleAE A9 AR SElb/in’fEREE ¢
RN /’ ste] Tunnel Yol Air receiver tank & 43
\\\\\ —//// ‘% 7/\4
e T 5. Decoupling #§#(&] 4% ¢t Bitednle
ez 1 110°¢] R B4 S A sok slw] HEf Bit Grin-
olvh, AKEFEEL tbmel Y EJsel vheluint der & 488 #A
o) Ed k| 22% 77eo 2 SR AA Po 6. Fuiww-d AN FHEATH.
TOP HEADING (stso
AMOUNT of CHARGE CALCULATION Rock type T
1 Numb er; Amount of  Charge }
% Cap No. : (oflugy%) | F-1 1 F-2 Total ! Remarks
; of Hole ™ Per Sub- Per | Sub- i Per Sub-
| Hole | Total Hole | Total Hole | Total
! hole pes LCs rcs pcs pes pes g
P M/S 1 1 1.5 | 1.5 337.5
| 2 1 1.5 1.5 337.5
| 3 1 L5 | L5 837.5 |7 SL or =% |
% 4 1 1.5 | 15 337.5 |-—— 100 ———
| 5| 1 1.5 | 15 337.5
i 6 1 1.5 | 15 ' 337.5
| 7 1 1.5 | L5 337.5 |
| 8 1 1.5 | L5 337.5 |
| 9| 2 1L | 25 | l 562.5
I
f w| 2 | 11| 25 | | 562.5 |
mw| 2z | 1k 25 : | 562.5
2| 3 | 11 s | ; 843.75
#16% # 35%(1983.9) — 15—



Number‘} Amount of Charge ]
Cap No. ‘ (oflug_ yi) \ F-1 ) F-2 Total Remarks
| = i
of Hole "Per ‘ Sub- | Per ’ Sub- | Per Sub-
' Hole Total | Hole Total | Hole Tota
( l
1B 3 1+ | 3.7
4| 3 1+ 37
5| 3 ERRIE X
1 |
16 2 17 2.5 |
7! 2 ] o2
8| 3 11| 87
l
19 3 ' 0.5 L5 1 3
20| 3 . 05| L5 1 8
D/S 6 3 | 0.5 1.5 1 3
7 2 | 05 1 1 2
8 2 0.5 1 1 2
9 2 1.5 3 % SL of T
10 3 1.5 4.5 1012.5 [ o0 =
11 3 1.5 4.5
D/S 12 4 0.5 2 1 4
13 3 0.5 1.5 1 3
14 4 0.5 2 1 4
15 3 0.5 1.5 1 3
16 4 0.5 2 1 4
17 4 0.5 R | 4
18 3 0.5 L5 1 3
19 3 1.5 4.5
20 3 | 15 4.5 |
|
i i
j |
;
: I !
holes i pes ! pes J pes £ Z (¢28mm 731 &)
Total | - }
8 83.25 - ) — 1 13 — =112.5g/7]
i © mm g ‘ mm \ g l mm g Top heading specific
Unit Wt. = — ! ; f R
L 425 | 225 $17 . 110 , 422 | 125 \ charge 23, 10625kg--
; | ‘ !
| I 1 (22m2X0.8m)
Total | g g g
| =23.10625kg 17, 6m3
Charge - - 18731.25‘ — | 2750 — | 1625 ]23106.23 — 1. 31kg/m?3

BRI g%




BENCH

AMOUNT of CHARGE CALCULATION

R=350

(Drilled depth=200m
Rock type II

Numberi

Amount of Charge

Cap No. (Oflugy%) ! F-1 ‘; F-2 Total Remarks
of Holei™ Per Sub- Per | Sub- | Per Sub-
Hole . Total | Hole ‘ Total | Hole i otal
hole | pes “ pes pes l pes | pes | pes g
M/S 1 2 | 25 |5 ] ‘ | 1125
2| 2 | 25 5 | 1 1125
3 2 2.5 | 5 ‘ | - uzs
4 2 2.5 | 5 | 1 1125
5| 2 25 | 5 | | 1125 [ SL or 2%
6 2 2.5 5 i | 125 |——— 100 —
7 2 2.5 | 5 | * 1125
8 2 2.5 5 ! 1125
9| 2 | 25 5 | ‘ 1125
10 1 2.5 | 2.5 3 ‘; . 562.5
1| 2 | 25| 5 | 1 1125
12 2 25 | 5 | ‘ ! - 1125
13 2 2.5 | 5 | | L1125
14| 2 25 | 5 | | |2
15 2 25 | 5 | | | | 1125
6] 2 0.5 | 1 | 2 1
17 2 0.5 | 1 I 4
18 2 0.5 | 1 L2 4
19 2 0.5 | 1 o2 4|
5| 1 3 | 3 | | |
6 2 36 | SL or 2%
7 2 | 3 | 6 —— 100 ——
8| 2 3 | 6
9| 2 3 | 6 | \
p/s 10! 2 0.5 | 1 2 4 | 663
11 2 0.5 | 1 2 4 665
12 2 0.5 | 1 2 4 665
13 2 0.5 1 2 4 665 F-1 |SL11/2|
14 2 0.5 1 2 4 665 [ — 200 —
15 2 0.5 | 1 2 4 665
16 2 0.5 | 1 2 4 665
17 2 0.5 1 2 ] 4 665
‘» i
‘ i Total Specific Charge
l (23. 10625kg+-3°0. 6075
kg) =+ (17. 6m3-+-40. 831
m?) =53, 71875-+58. 431
=0, 92kg/m?
|
|
#16% 5 3 %£(1983.9) — 17—




Number Amount of Charge i
Slarry _ _ | Total | R k
Cap No. (or =) ’ F-1 } F-2 | Tota ‘ emarks
of Hole "Per l Sub- | Per l Sub- | Per | Sub- ‘
1 | Hole Total | Hole Total | Hole Total ‘ ;
Total holes pes pcs pcs 2% (428mm 73 2-)
31 — 111.5 — 32 — 16 — =112.5g/7)
Unit Wt mm g mm g mm g ‘ Bench Specific Charge
— @ 25 225 617 110 622 125 i — 30.6075kg-:- (21, 49m?
X1.9m) =30, 6075kg
Total " 8 g & ‘ £ -+40. 831m*=0, 75kg/m3
Charge — ; — | 25087.5 — 3520 — 2000 ' 30607.5 ’ ’
5-2. i L] & & B 13 )
1. HFINARK
V=KW314D2

V : particle velocity (cm/sec)

K:GRBCEE, i, B8 @5 Wk = #esh)

WIERE $¥EE (ke
D B (m)
2. REYE BT HEE

Allowable limit of K Min. Allowable max.
Place peak particle velocity Face distance charge per delay: Remarks
(cm/sec) Value (m) period (kg)
0. 5¢cm /sec Top 1. Applied
Heading 117 15 0.94 Yoshikawa
(With vibration level (key hole) formula
Hce-Hyun | meter model VoMg Top
d GISCi 0. i
Dong | made by Heading 59 15 2.36
Us.A) (stoping
hole)
Bench | 46 19 ] 6.18
5-2. HI#TE BAst] fElveld A A REEF 2 B

HIH L& prespleting 5} Smooth blasting o
E WMaste Bk Fikdl wel B4 Rk

2 HEITIES EEY Sork line dri-
lling (4845 487L) cusion blasting &% o] W Zq
vt & 4 ek, HEIEY B B
ol BEE TRE AA st BRIEL Ao 2
HERES Tl Btes BHITHEo 24 Pk
WL shotcrete @ 2= E wloly fEisliy]
TETHER LERTHRY HrkIkeler €
o vk 19824 K- 1 RFrimMiaee] T &g
BEIAEFR)S) Fio = ¥ Nitronobel fl
Smooth Blasting 2 k3 Gurit @ Nabit £ &

8] RRE oA F9rt

IR MEIKEER) Bkl FEREF-1, F-
I€ 7H 3 REs] A% HTFHIEANA B
2o s ¥REALST = HiFolo,

47| A prespleting 3} smooth blasting ¢] %
AEL WiEE T2 ubdsby] WTERAA %
WIRE) BB LS A4 498 2ilstd &2
FLESE ZfLIRIRFS EHBILE ko] gk A =4
Bk A7l m2A FLHS EHE DT Tl
et #EE £2 s 24 AW A ILEE
BRI 2 SHERA o) 2] 71A] whx] ok Bhk sl
ko A
WMEHAN L g



{5-2@)> NO. 415 Drilling & Blasting Pattern

RS A

o %k,

(Hoe-Hyun Dong) S 1:50 PS 52 SBel (IS E @S (EEELE
R =350 2 EAje 2 &: 32 POKA 1lmm 17mme
Rock type I & gEmste Qe
Opy DED
. - 1. S B 221 A Al
o | mmewsD 53 MSEARWKWEE (1 B weex)
7 N (5-3%> MEXE(KS @@, MSEEBES BEx
// N DED: Delay Electric Detonator
,// CTOP GALLERY ) \\\ MSD: Millisecond Detonator
v \ EEETES
, ki ok
; [ ' DED MSD
vl ‘ :
N \ 1 0. 0.
4L | 2 0.2 0.025
. 'SR I 3 0.50 0.05
i@ ey @] 4 0.75 0.075
tle 65 a4 la s & g
§ B g 8 7 7 8 9 6 1.25 0.13
Ag) &12 A y &/ 7 1.:5 0.16
\@ f— 25— v b th/ 8 1.75 0.2
S Y. N 9 2.00 0.25
N o U 0. ' 10 2.3 0.3
Fad 11 2.7 0.3
érr.2
‘ 12 3.1 0.4
LR EHiES) b 36mm Rl A& ﬁ io 341
40cm : 50cm=0.8 &2 S} 50mm K 0L A ~ - > |
15 1.5 0.57 |
% 50cm : 60cm=0.8 22 3t 9lcth, 16 5.1 0. 64 ’
P.S, SB. jt3] #IHTERS 74 EE L 17 5.7 0.71 i
G EREe T, 173 SBL feRel R 18 6.3 08
15m LLES ook s olel B FILES 19 6.9 0o
0~00% 2 shel FLEOIE Eoel = pumgs | % AT
{5-3'%> BXS BRBREREES i—ﬁﬂ”’#
B5l ‘ l ' !
maker slalsie |78 11 1|13 14| 15| 16|17 ] 18| 18 20
5 I AU
A AL ‘ l ’ ' | | |
Aimfs | DSEE| 0 0. 230 50[0. 75]1. 00[1. 251. 5011. 752. 0012, 302 703.103.50 4.04, 5ol | |
8 4k B 1 ’ \ L | l |
o [
" 10MS | 10\20‘30 105060 70|80 o l 1
% | | " |
1 ‘ ‘ : [ |
AL ‘ ;OMS 1020 4060 80 | 100 125 150 175| 20| 230) 270/ 310| 350| 400 470 530] 650 750 850
i i | & ‘ 1 T ‘ i |
AN 28MS | g |55 | 50 | 75 l 00| 130] 160 200 250| 300| 30| 400] 450] 510] 570 1
Btk E B 5 | L
#af DS A (1) HS % (1/1,000 B)

$16% 5 35%(1983.9)



(5-3M) Pre-Spleting o| {5-3’@) Pre-Spleting 2| {5-3"[) Smooth hlasting 2|

EEEER AL EEEER
150
° Langefors /o 7, o Langefors
. 3
I Du Point & IDu Point
bic (cm) L .
k= 1,000 % fg 1,000
7 >
¢/m) >0 ' (Q/En) 500
20 50 u
40 [ 160
100 100
40 50 100 -
0 40 50 100 %) oW
FHE (m¢ ) BAE (m¢ ) FAR(mg )

fezkel MBEES /MR ed e A A alE (CCR) =3 ke R WA Sl
Bk REMET ety BREFES A

o SAR ARGl FobAl Cut OffBige] o o 10 WWARS RAN MR

oJ e A bR #EE-S Bikdlrle Aol MS & iR €4 EIM:%! A A uliis
B v G Kaya Soft! Urbonite
H A
6. BWEAE MHiEH B%E ¥ HuE @ | Nitro Gel 29~35 | 50~54
. Nitro {L.&% 2~4 2~6
RIT BWIEES ] (EFEH, olste, His W 5 B9 58~65 36~44
o2 FHete BA, BWT 2 BWIEE B % K o4 5~8 2~6
mo) BWAEES B mx st fegstd | K mosm m — —
ofoxd obd HEErF Wl olo} e RIEELES w | & . B B2 B H
fisEsked BAEE Aol HHEBRE E BIREIK L R S N R R
B ok = 1.40  |1.80~1.40
H@W%E| EEg3I, Pattern SEER ER +1.5
g , T
2 B v m| B B R B om | 420~470 | 420~470
gl #A | A Com) | LM (Cm) M B T mm | 85~80 | 85~89
B 5 60 [ 60 . if & Km/sec 2 2.0~2.5
b OE R 50 50 s B B mm | — | —
% B 0 | 10 | %R oE @ 7 7
Bl W B B (f%) 5~7 6~8
Tunnell ¢] Stopping & wall X I % I/Kg — 870
E— B B ﬁ ® # # Kcal/Kg — 1, 060
B A Foot- Foot- ;| ® 8 B B °C — 2, 640
Wall Wall B
" | hole ot | e % # 7 Kem/Kg| 10,000 | 9,600
BMEHAE (cm)| 60 | 45 40 35
LB Wlem)| 60 | 45 | 40 | 35 # Gas - -
) mES FLES 1/20 % A # | e |

— 20— WEEWL @t



6-1"%)

Smooth Blasting RiB82] ME L %Ak

| MAKER | % Bk m| B E | Bans| B & x
‘ﬁ FAfLSE | SBIREMIT | Strry | 0.80~0.86 | 2,700~3,000 | F2a52008T306200
|8 | moitt | Urbonite B ® L3 2,000 | $17x508r
‘ " chitagel SB | Slurry | 0.85~0.95 2,300~3,000 |
e | Sun Vex 400 7| 102~1.00 | 2,700~3,000 | o0t DRStOE
‘71" v e ae | v | o9~no0 2700~3,000 | FelBERER e
.| BATH | Enagel MA-7 | s L.05~1.15 | 2,700~3,000 | $L05 P20z be
W A | Guit " 1.30 4,000 | heEER OB Dypamite
L | Nabit w o ow| L2 3,500 | Pipe#2%, Dynamite s} %Ll
| % I Kleen Cut l woow 0.25 ‘ 9, 200~7, 500 E Atlas Powder Co.
o | Kleen Cit F .3 # 0.19  |9,000~7,000 | %
| x | Tunnelite 133 | | WlENT 20 |
% m | NoPeta | o8 | 720 | -
L | Volmex e mom| o 2000350 -
(Tunncll BEEHEHHESE D, 119 BH)
6-1. ThlEIERLE 6-2'%> BB EKEE (BR) 2] TR EAR PR
Concret Breaker, Witk BWME WLBE 00 | = oo m . smwme
Rl AelA TH, TR R HARBESS - & | om/m
BT —RREshe PR BRo =4 PR - a 00t
Zol HIFHREL Y Sl veld = FLIF Aeluh wO% OB 20078/ Box
o fERRgE=F-1, F-1& 9% 4 g}, o8 #H R w om T
HIEEES BEE 2,000m/sec 2 HIFRS- e . o
glor KL 17~18mm B AAEA ¢oEA - f? g;ﬂ‘%ﬂmf)
BHWRBES —H B 1/28 &REHA =lvh 0 @ 5 5 om
O_M L FLES] HWEEA BWIRES o 3 e wemow
% HRT 4 e Aol WK PR AF
6-2. wuEEn s (Concrete Breaker) & K & :1.1~1.15gr cc
Concrete Jpi e A-BAME £2E L e so0Keal. ke
o mA WA MEL 40~60m/sec 24 KR 1 450°C LUk
— RIS 4 1/1000 Fidstel, ERMWE & 7EBBRRET © 60cm
2 EIES) BEREDA Gt Aol ¥ & Gas S ik
st W kg
WL BRAN A — AR EERE L HRE D:m

WRFRE MR BUGRDEAARS ohesl 2
o},
iR 1 RS

V=KWwW¢.D"2 V : cm/sec

#16% 55 3 5% (1983.9)

(B HEggEe] KEs MS S HER Slurmy
KiEx F—
V=7W0.5D"1.75




62"k B #&2| Concrete RFxzE
(fS, size)
£ B ® | 4 8 (Gum) | ¥ £ @m 1 WHHERYD
30 { 28 ? 78 W4y, A Concrete
60 | 28 ! 134 4z, Concrete
180 (B) ; 50 | 125 4y
180 (8) | 30 \ 338 B
— | 6.5 ! 2% | (H®E) 1.8m, 3.0m
(B
2 i % £
® i g w W Gum #® Cement mortal L Mmoo
# | I |
W& oa R mpemen gk cm cm
B | ME | BE £l E
CCR 30%% 300 30| 60 40 (Gum & 28) 40 30~60
[ SLB P-3 g 50 ( » # 18) |
CCR 608k 601 50| g| 70( 18 60 50~70
SLB P-6 g | * (40)
CCR 1805
CCR 1808 180 290 o0 - - 60~90
SLB P-18B
SLB P-18S g
* I B o] BN Concrete o= % 608 fAHAR B/MEFR®S 40em Loz wd
(B )
% & | CCR 30 | CCR 603 CCR j
SLB P-3 l SLB P-6 SLB P-18 J
Concrete WWi AR wigigy |  A/m | Kome | .
5 Concrete MUK (4~5HmE) | 4 | 2 | — |
" KEEPE (28 hE) { 5 | 2.5 —
%1% Concrete /NEMHE (4~5 gifE) l 7 ‘ 35 — |
" KWAR QEEME | 10 | 5 ~
@ Concrete v I (58 M) 3 | L5 \ —
& = (1 £ e ) — | 10 [ 5.4
” # B (2HBE — { 3 1.0
” W E & QHMHE | — | 4 1.4
v B % eAmE) | - | 5 | 1.7
g, BA{LE(R)  SLB AL (%) : CCR

HWERML g3



6-3. ARtk PRl

KEEHEA Bl Al uv WREIEA HEEME =
= AR ﬂtﬁ%{b‘*%a FH=2 ke %HEEH °4
7ivt EE S B4 1SS TE b
Aell %ﬁEOP% 7;4\014 ol P 1/%{;%61

RS Ak Sl = 2329 E BEwE
ol FHYBETI(3,000T/m?) Llkol iEsle] HRFE

o] Ak, SHEEE 2 OmREe Sk =el
EHEE glo} 10~24RsRe] Hul HABEERES
FrbstA =vh, KEFERASE 9l SRUERE
BezlA) BeR-E Eelal o Bid o uwgul
2 FoiEste] SRS FAAAK s Tf§° A
o WA, BE 2 RS HERRE. %
U] Eolol olE Mo 2= HANFHA
A E¢] Blister S-mite, fE k4] =1 &2 Gunmite
Fol 9lv},

TR

7-1. HEHEEN ANFO R
$-2lvele] ANFO HEE-S i AR
22%% difsta glom HRFEMA A R

& ol Fx v},

* A Bench Cutell 4] K7FLe 58 Polyeth-
ylene tubeoc} ANFO B FHAAI7l wlrle]
(Primer) 2 #igst= 471 gk olw] ANFO
BERER: iG] oe)4] HEEsF st BR
Bigo] 1BHT HJKESL slel

ol o & #EEM: Polyethlen tube, MiiFHBEE L
By ANFOfffle s HERAZ HI &K
E Hphs ok & Aolrh

it R EREBEY KBk mE Condencer

#16% 5 35%(1983.9)

(2,000PF)-& 8KV 2 &3l o] BT BR
B B HRs FlBEd TR AKX
o] BLBE #igelzt st el

HEE T%A
pafgel ?ﬁi’F‘ol ot wehA]
Xi——-.zﬂﬂ"F@ 3, 4%@ 38 T A& KD
o] EMBWEES s = AP BHEEH
= 86Ton o} r} ?%%’ﬁé‘% 303, 000{Eell o] 2=},

o] & o8 LiEd H3 HRH FHE KA
FRE RETFRATAA THERTHERS —
Hom HWERS] BELE o Setdirh

WA AEe e s 4fHEste BHERM
Hat RIEENRS HRED & s ol 4
i, %M 1 REfES] RmEBREGRRE ERt
BWIREFFAME 0.5m/sec & A $EF 3haL o]
T HIAG R BANEe2 HEste &
BE Maskglh

A2 TEe NATM ) g A-7], A
ST Smooth Blasting 2] ##4r, vhol7k4]
T BHAEEKRS KA HHAE flstgl
o, ol ARWTEIFE BHA Q-29e X
2 HEBLES R L] et frs] #O
?&ﬁﬁml AelA Bebe] 2 kFE, v T v

o Bupffgel —(7 e 7 e ¥us EH
%@“’ WA fgk WEES GKEE %
LS fifEske] obA] ofe whelrh,



