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ABSTRACT

It is necessary to increase the blasting efficiency in order to minimize the economic loss caused
when the excavation cross section is reduced due to the stability problem of underground
mining development, and for this, a new blasting design is proposed. In this study, the
blasting efficiency of the general design in the field, the suggestion design |, which added
two columns to production blasting, and the suggestion design Il, which added one column to
create asymmetry, is compared. Advance rate and fragmentation were selected as the
evaluation index of the blasting efficiency. In the case of advance rate, compared to the
normal, the suggestion | improved by 6.07% and the suggestion |l improved by 4.65%. In
the case of fragmentation, based on P80, compared to the normal, the suggestion | reduced
about 58% and the suggestion Il was about 47%. Accoording to the evaluation index, the
suggestion design | shows better blasting efficiency than the suggestion designlli. But
considering the additional work time and cost required for the suggestion design | due to the
insignificant difference in the evaluation index results, the asymmetry V-cut, the suggestion
design Il is judged to be a more suitable blasting design for the site.
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Fig. 1. Change of excavation section

2, AZZA

S It e R Ao seat 10 Ho A Ea AA F ek B el His] F 62] 230 2HQ1 ZAKscan line survey)E

TUNNEL & UNDERGROUND SPACE Vol. 31, No. 6, 2021



522 * Jung-Gyu Kim, Seung-Won Jung, Jun-Ha Kim, and Jong-Gwan Kim

F=5f5to] RMRB7HE obith. Q] = 25 defHe] thell 477] E si(Schmidt hammer) & o851 S50, 54
2] g ZBARE 28 F 3 Clinocompass) & © 85151t d2|o] 715 Z=mtdA 0| %|(Profile gauge)E -85t
S751I3it} 5T A RS RS nRd S AP E 43t Alglo] 7| whiel] ubdiu} uPdT-E A AL, 12} AR
2 WA= YHS ZAF 121 22 AR R A= B HS ZARIITE 108 FAREE ST 22 A2 ZAS)H
ArhFig. 2).

Table 1-= 271 21R1 FALS Foll -2 RMR A4S U= Fo|oh. ZAFAT 530 79 ek RMR 72.7= B7H=| 31, 10
O] ¢ W3 RMR 73.002 H7iE|o] T &4 5 25g<] dho 2 Wris|Qjrt.

Table 1. Assement of RMR(Rock Mass Rating)

Rucs RQD Rys Rja Rw RMR Class
Field 5 7 17 15 18 10 67 i
normal
Field 5 7 20 15 16 15 73
suggestion 1
Field 3 7 20 20 21 10 78
suggestion 2
Average - 72.7 I
Field 10 7 20 15 16 10 68 i
normal
Field 10 7 20 20 20 7 74
suggestion 1
Field 10 7 20 20 20 10 77
suggestion 2
Average - 73.0 I

(a) Field 5 normal design (b) Field 10 normal design

Fig. 2. Scan line survey field
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(©) Field 5 suggesting design 1 (d) Field 10 suggesting design 1

(e) Field 5 suggesting design 2 (f) Field 10 suggesting design 2

Fig. 2. Scan line survey field (continued)
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(e) Field 5 suggesting design 2
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(f) Field 10 suggesting design 2

Fig. 3. Sterographical projection method
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Fig. 4. Blasting design
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Table 2. Normal design

Index Cut holes Cut spread holes Roof holes Floor holes
Detonator number 0 2 3 5 7 8 9 6 8 9
Holes 10 18 12 10
Detonators 6 4 6 6 6 4 8 4 4 2
Finex
4, 4.
(0.1 kg/pes) 0 0
Anfo 02 02 0.175 0.175 0.175 0.125  0.125 0.125
Charge  (20kg/bag)
weight Emulsion
o (025 kelbes) 1.0 1.0 1.0 1.0 1.0 2.0 2.0 3.0 3.0 3.0
hole
Number 120 1.20 118 1.18 118 6.00 6.00 3.13 3.13 3.13
(EA)
Char“fig‘;“e‘ght 425 425 3.75 3.75 3.75 0.90 0.90 325 325 325
Charge weight perdelay ¢ o 8.50 7.50 7.50 7.50 3.60 3.60 13.00 325 6.50
(kg/delay)
Total 25.50 1700 2250 2250 2250 3.60 7.20 13.00 13.00 6.50
Table 3. Suggesting design 1
Index Cut holes Cut spread holes Roof holes Floor holes
Detonator number 0 2 3 4 5 7 8 9 6 8 9
Holes 10 24 12 10
Detonators 6 4 6 6 6 6 4 8 4 4 2
Finex
4. 4,
(0.1 kg/pes) 00 00
Anfo 0.20 020 0175 0175 0175  0.175 0.125 0125  0.125
Charge (20 kg/bag)
weight  Emulsion 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 3.00 3.00 3.00
b (025 kelbes) . . . . . . . . . . .
hole
Number 1.20 1.20 118 1.18 1.18 118 6.00 6.00 3.13 313 3.13
(EA)
Char%e(ge‘ght 425 425 3.75 3.75 3.75 3.75 0.90 0.90 325 325 325
Charge weight per delay ¢ 5 8.50 7.50 7.50 750 1125  3.60 360 13.00 325 6.50
(kg/delay)
Total 2550 1700 2250 2250 2250 2250  3.60 720 13.00  13.00 650
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Table 4. Suggesting design 2

Index Cut holes Cut spread holes Roof holes Floor holes
Detonator number 0 2 3 4 5 7 8 9 6 8 9
Holes 10 21 12 10
Detonators 6 4 6 3 6 6 4 8 4 4 2
Finex
(0.1 kelpes) 400 4.00
Anfo 020 020 0175 0175 0175  0.175 0.125 0125  0.125
Charge (20 kg/bag)
weight  Emulsion 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 3.00 3.00 3.00
b (025 kelbes) . . . . . . . . . . .
hole
Number 1.20 1.20 118 1.18 1.18 118 6.00 6.00 3.13 3.13 3.13
(EA)
Char%igv)ve‘ght 425 425 3.75 3.75 3.75 3.75 0.90 0.90 325 325 325
Charge weight per delay ¢ 5 8.50 7.50 7.50 750 1125  3.60 360 13.00 325 6.50
(kg/delay)
Total 2550 1700 2250 1125 2250 2250 360 720  13.00  13.00 650
(=]
4, 2218 =}
1 HoHHH
H AT A Wt BRI 27-8(%) 7 = ©154] 3D scanner 2 TFH-S S50 283 (m) W] 2% (m)= H]w/skal §
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FFo= ol W] wizoll FAS AejohaA 2319 A2 B 23074 233

3D scannerZ= 27H-E SHH point cloud = X Elo] AJEIch Wt & Z25ES A7] Qo= dut - & Z2S 2708 F of
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Fig. 5. Evaluation process of excavation rate using 3D scanner
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9k 22 m’) 2 B71517] Y5l point cloud 22 3D modeling =2 1321 3D reshaperE- ©]-8519] mesh model = 3}
5190t} Mesh model 2 Hig} 0] 5 E=1947 | (Boolean)=- ©]-85}0] AA| W} 222 m’)S =&513tE 29U HE 3D
ndle] 71 SR £ 249 RS W l(Intersection), AP 8l Difference), &4 Union) 52 B0 2 Alktslod A
2 RS Aok 7ol
A ot 22 go] 79 ofF=i(m’) o] 25k Ao 7] wie]] A it m 2t WA T 0 2 LA A2 axlgo] A
Al 22T} AfsHA| BT whebA A 2 70-8(%)= 75171 oA A a2 2R dS A A o g of =25 Al
QR =&l rEslo] Bt ZXI B7HE ShSith(Fig. 6).

(a) Excavation volume (b) Overbreak (€) Volume(without overbreak)

Fig. 6. Model of advance rate evaluation

4.2 Q&4
Fig. 73} o] 7 @7 247 dnhdim} 2.9, 14H AR ‘:‘Eﬂﬂrzsﬂ :Lﬂmx}lﬂ P29 F 129] s e, A=Ea Al
SRt 22, 19 du} Bt 25 12151 2057 e 27062 B7ISI3i (Table 5). RRPEute] 45] B2 2217 157.84 m’,

(a) Field 5 (b) Field 10

Fig. 7. Excavation process modeling
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2307292 m T3 2708 83.5% & WERHTE Z1E) 3, 1R Al ue] 75-9- 48] Fat-2 22 169.30 m’, 2517 3.13 m 1]
3 2782 89.5% 2, 22} AT 73-9-43] WS 22 166.63 m’, 21 3.08 m 12|11 27182 88.1% 2] ATHE Ko
T

12} AP mte} 22} Aot} R dubdint i o} 12 2718-S Hof £ ARPn: BT 2218 /o] a7 9le-S SRIgh 4
A

A

Table 5. Advance rate evaluation

. . . Suggesting design 2
Normal design Suggesting design 1 (Asymmetry V-Cut method)
Field 5 Field 10 Field 5 Field 10 Field 5 Field 10
2911 2.932 3.119 3.115 3.086 3.091
Advance (m)
2.943 2.906 3.152 3.155 3.069 3.097
Average 2.923 3.135 3.086
advance (m)
R 157.194 158.328 168.426 168.21 166.644 166.914
Volume (m’)
158.922 156.924 170.208 170.37 165.726 167.238
Average volume (m®) 157.842 169.304 166.631
83.17 83.77 89.11 89.00 88.17 88.31
Advance rate (%)
84.09 83.03 90.06 90.14 87.69 88.49
A
verage 83.51 89.58 (+6.07%) 88.16 (+4.65%)

advance rate (%)
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A © = ) o= T QPAH YPRRO] AT R A Of |, mla Y e oA A 9] Ag et o et o o] £
o] o} it ofe] 240] ofa] e M), mleh £ Aol i} XA ST 108 F #ge] e nielst
7] 9l6lo] RMRZAME 435k 420 207} = o] Qe 418 51<15k0] Mnpd o] nhe 71 wlahe Aol 4t
st metslic

olof thel A4S ffolA] Y B4 2802 o] Zgrl= T2 T F SRRl 234 Ao 7|kt T2 =]l
Wipfrag 3.32 ARESIGITE Wipfrag 3.3-2 9/4e, 42 2 AiF 2|1 AvpAe] A= djolel7t A=, Edge
Detection Variable(EDV)-2 A8510] 2150 2 A A& & 4507 AAIE A 2lolo] BA45 Maerz, N.H. et al., 1996). Fig.
82 A=At oA oA E ok Bsolth
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Fig. 8. Example of fragmentaion and scale
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Fig. 10~112} Table 6-2 B7}A1}= Qubdhil= B passing rate 80%7}560.1 mm, B 2|l 524 77]7}1,088 mm7
A85H3et. 12 ARPduk= Bt passing rate 80%7}229.81 mm, Bt Xt ihA] =717} 545,33 mm7FAISIAL, 22¢ Al
w3 passing rate 80%7}:293.17 mm, % 2o 5214 27171 729.67 mm7 Y519k Bt passing rate 71, bk}

ool 12} ARPERRE oF 58%, 27} ARIIRR: OF 479 243 718 SIR1E 4 IIek. 1213 3714 M A B AP 5

. Normal design
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(a) Evaluation faces in field 5 (b) Evaluation faces in field 10

Fig. 9. Evaluation target of blast fragmentation
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SHA| AR ARG, F o) mpafa o] 27)71 gk Aol S BRItk o= dat A] A7} obd ShfiRof|A] tixjg o] dagst Aog
FZHrh.

12 AP} 2
Rl ISe= ]

1—

DA AP} T Qb ke TR S Ho] B8 o b2 5 AR} B mhselE A
g 4 qlaink

Table 6. Analysis results of blast fragmentation

. . . Suggesting design 2
Passing rate Normal design Suggesting design 1 ( Asyrrfngetry 5_ Cut %netho d)
Field 5 Field 10 Field5 1 Field5 T Field 10 Field5 1 Field5 I Field 10
P01 size (mm) 56 57 21 22 22 27 23 35
P20 size (mm) 194 169 68 67 79 91 83 103
P50 size (mm) 350 306 124 118 148 162 149 179
P80 size (mm) 597 523 221 208 251 294 285 302
P99 size (mm) 1,219 957 597 594 445 653 637 899
Average P80 size (mm) 560.10 229.81 293.17
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108 18, 2021 10:20:37 Size (men) % Passing 10 18, 2021 10:27:13 Size (men) %Panmu
00 33740 - User - Company (LAVTeam 31337) 100000 96.31% % 33940 - User - Company (LAVTeam 31337) 1000.00

1 | | esiop  sTaem ) ] | | s8100 92.5?%

DOt = 55,76 mm A asiod  esvEw D01 = 57.29 mm o 444,00 75.26%

B0% || 020 = 194.38 mm | i MEHD  44.58% B0% || D20 = 168.50 mm | P I T 1. . * XM

050 = 345,84 mm J 500 I38% D50 = 30581 mm | 2800 3121%

B0 || D90 = SBE.77 mm | - | / 147.00 1.23% fry (| D60 = 523,44 mm | foo | W 14.82%

D90 = 1213.64 mm / 10000 440% 099 = 957.05 mm | 100.00 553%

gon || 57H =088 | - 810 1.85% 7o% || 371 = 064 | | 88.10 1.56%

g l / 45,40 0.51% L. - 46,40 044%

" ™ f e 0.10% | M b 60 0.17%

g B | = 21.5 0.06% o % | | 1% 08
H g 14.70 0.00% £ 14.70 a03%
F | 10.00 0.00% ] 10.00 0.00%
[ 681 0.00% i 61 000%
L 454 0.00% L 484 000%
318 0.00% | 316 0.00%

215 D.00% 215 0.00%

id 147 0.00% w% | 147 a00%

1.00 0.00% | 100 000%

20% 0.8 D.00% W | 0,58 0.00%

046 0.00% 0.4 000%

1% 0.2 0.00% 1% 032 0.00%

0.22 0.00% 022 0.00%

| 015 0.00% 015 0.00%

01 T 0 100 00 00 0.00% a1 1 16 100 1000 010 a.00%

Size {mm) Size (mm]

(@) Normal blasting | (b) Normal blasting I

Fig. 10. Blast fragmentation evaluation (normal)
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Fig. 11. Blast fragmentation evaluation (suggesting design)
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