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Development and evaluation of new drilling and blasting method
for excavation of rock mass with one free surface

Jai-oong Im, Young-jai Yeon, Jeong-bok Seo

ABSTRACT

A new type of cut method, called SK-cut, was developed in order to overcome the shortcomings
of the conventional V-cut and Burn-cut blasting methods. Total 190 times of test blasts were performed
for the evaluation of the efficiency of new blasting method. V-cut, Burn cut and SK-cut were compared

by applying them to the excavation of main gallery and construction tunnel of underground oil storage
cavern. Test results showed that excavation efficiency of the new method was increased by 59~9.8%
and that specific charge was reduced to 71~92%.
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Fig. 1. An example of drilling pattern of SK-cut
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Fig. 2. Blasting process of SK-cut.
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Table 1. Physical properties of Masanite

Masanite

Physical Property

Density (g/cm®)
P-wave velocity (m/sec)
S-wave velocity (m/sec)

Uniaxial compressive strength (MPa)

Tensile strength (MPa)

Young's Modulus (x 10* MPa)

Poisson’s ratio

2.569
5,560
2,810
145.0

12.0
3.947
0.204
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Table 2. Test results of 3 blast methods in upper gallery of main tunnel, drilling length=3.7 m

Cut Type SK-CUT  BURN-CUT V-CUT Comparison
@ @ ® O-@ -3
Tunnel dimension{mXm) 18X 75 18X7.5 18X7.5
Section area (m?) 111.442 111.442 111.442
Number of test bla§ting 50 20 20
Drilling length (m): A 3.70 3.70 3.70
Advance (m): B 342 3.16 3.04 0.26 0.38
Excavation efficiency 92.40 85.40 82.10 7.00 10.30
(%)=B/A X100
Drilling real time 120.50 172.30 117.7 v 180 2.80
time the rest 26.20 30.80 27.9 v 460 170
(min) total time 146.70 203.10 1456 ¥56.40 1.10
center- V-type hole 8 — 8 8 -
Number cut empty hole - 3 — v 3 -
of hole the rest 24 24 - - 24
holes contour hole 12442 13140 * 126.00 v 6.98 v (.58
total 156.42 158.40 134.00 v 198 2242
Total drilling length (m) 578.75 586.08 495.80 v 733 82.95
Charge center-cut hole 53.90 105.80 36.00 v51.90 17.90
weight contour hole 335.80 359.00 350.20 v23.20 v14.40
(kg) total 389.70 464.80 386.20 v75.10 3.50
Specific charge(kg/m®) 1.02 1.32 1.14 v 0.30 v 0.12
Max. distance of fly rock(m) 43.00 82.85 46.60 v39.85 v 3.60
Trimming time of tunnel face (min) 40.04 71.60 101.65 v31.56 v61.16
Maximum volume of a fragmented rock(m?®) 0.34 0.26 0.75 0.08 v 041

Table 3. Test results of 3 blast methods in construction tunnel, drilling length=3.7 m

Cut Type SK-CUT BURN-CUT V-CUT Comparison
@ @ @ T-@ O-®

Tunnel dimension(mXm) 8X75 18 X175 18X 7.5

Section area (m?) 53.13 53.13 53.13

Number of test blasting 20 10 10

Drilling length (m): A 3.70 3.70 3.70

Advance (m): B 3.45 3.13 3.00 0.32 0.45
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Table 3. Continued

Cut Type SK-CUT BURN-CUT V-CUT Comparison
1 12 3 -2 (-3

Excavation efficiency 93.20 84.60 81.10 8.90 12.10
(%)=B/A X100
Drilling real time 120.90 166.10 117.30 v45.20 3.60
time the rest 29.70 36.20 38.70 v 6.50 v 900
(min) total time 149.60 202.30 156.00 v52.70 6.40

center- V-type hole 6 - 6 6 —
Number cut empty hole - 3 - v 3 -
of hole the rest 16 20 — v 4 16
holes contour hole 68.20 69.20 74.00 v 1.00 v 5.80

total 90.20 92.20 80.00 v 2.00 10.20
Total drilling length (m) 333.74 341.14 296.00 v 740 37.74
Charge center-cut hole 35.00 88.00 27.00 ¥53.00 8.00
weight contour hole 173.10 179.90 178.10 v 6.80 v 5.00
(kg) total 208.10 267.90 205.10 v59.80 3.00
Specific charge(kg/m™) 1.14 1.61 1.29 v 047 v 0.15
Max. distance of fly rock(m) 43.55 90.40 49.30 v46.85 v 575
Trimming time of tunnel face (min) 34.70 61.10 80.90 v26.40 v46.20
Maximum volume of a fragmented rock(m®) 0.40 0.26 0.60 0.14 v 0.20

Table 4. Test results of 3 blast methods in upper gallery of main tunnel, drilling length=4.85 m

Cut Type SK-CUT BURN-CUT V-CUT Comparison

1 2 3 RV -3
Tunnel dimension{mXm) 18X 7.5 18X 7.5 18X 7.5
Section area (m°) 111.442 111.442 111.442
Number of test blasting 10 10 10
Drilling length (m): A 4.85 4.85 4.85
Advance {m): B 4.60 4.30 4.13 0.30 0.47
Excavation efficiency 94.80 88.70 85.10 6.10 9.70
(%)= B/A X100
Drilling real time 141.60 202.90 133.10 v61.30 8.50
time the rest 23.30 43.70 30.00 v20.40 v 6.70
(min) total time 164.90 246.60 163.10 v381.70 1.80
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Table 4. Continued

Cut Type SK-CUT BURN-CUT V-CUT Comparison
@ @ &) O-@ O-@
center- V-type hole 8 - 8 8 -
Number cut empty hole - 3 - v 3 —
of hole the rest 24 30 - v 6 24
holes contour hole 126.00 126.00 124.70 0.00 v 130
total 158.00 159.00 132.70 v 100 25.30
Charge center-cut hole 96.00 180.20 48.00 v84.20 48.00
weight contour hole 372.00 375.50 407.60 v 350 v35.60
(kg) total 468.00 555.70 455.60 v87.70 12.40
Specific charge(kg/m®) 0.91 1.16 0.99 v 025 v 0.08
Max. distance of fly rock(m) 46.20 87.30 52.20 v41.10 v 6.00
Trimming time of tunnel face (min) 53.80 97.70 108.60 v43.90 v54.80
Maximum volume of a fragmented rock(m® 0.31 0.25 0.83 0.06 v 0.52

Table 5. Test results of 3 type blast methods in construction tunnel, drilling length=4.85 m

Cut Type SK-CUT  BURN-CUT V-CUT Comparison
& @ &) 0@ ©-3®
Tunnel dimension(mXm) 8X75 8X75 8X75
Section area (m?) 53.13 53.13 53.13
Number of test blasting 10 10 10
Drilling length (m): A 4.85 4.85 4.85
Advance (m): B 4.58 429 412 0.29 0.46
Excavation efficiency 94.40 85.50 84.50 5.90 9.90
(%)=B/A X100
Drilling real time 139.70 197.20 13140 ¥54.50 8.30
time the rest 26.90 36.60 42.70 v 9.70 v15.80
(min) total time 166.60 230.80 174.10 v64.20 7.50
center- V-type hole 6 — 6 6 -
Number cut empty hole — 3 — v 3 -
of hole the rest 16.20 20.60 - v 440 16.20
holes contour hole 67.00 68.20 76.00 v 1.20 v 9.00
total 89.20 91.80 82.00 v 260 7.20

Total drilling length (m) 442.62 445.23 397.70 v12.61 34.92
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Table 5. Continued

Cut Type SK-CUT BURN-CUT V-CUT Comparison
5y @ € - -3
Charge center-cut hole 56.00 110.00 36.00 ¥54.00 20.00
weight contour hole 206.00 222.00 224.00 v16.00 v18.00
(kg) total 262.00 332.00 260.00 v70.00 2.00
Specific charge(kg/m?) 1.08 1.46 1.19 v 0.38 v 0.11
Max. distance of fly rock(m) 44.30 93.60 57.00 v49.30 v12.70
Trimming time of tunnel face (min) 43.60 66.60 97.20 ¥23.00 ¥53.60
Maximum volume of a fragmented rock(m?) 040 0.25 0.65 0.15 v 0.25
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Fig. 9. Comparison of fly rock distance of SK-cut,
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Fig. 10. Comparison of trimming time of SK-cut,
Burn cut and V-cut
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