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Application of Full-Face Round by Sequential
Blasting Machine in Tunnel Excavation

Young-Dong Cho, Sang-Eun Lee and Han-Uk Lim

ABSTRACT

Many methods and techniques to reduce ground vibrations are well known. Some of them are
to adopt electric millisecond detonators with a sequential blasting machine or an initiating system
with an adequate number of delay intervals. The types of electric detonators manufactured in korea
include instantaneous, decisecond and millisecond delays but numbers of delay intervals are only
limited from No. 1 to No. 20 respectively. It is not sufficient to control accurately millisecond time
with these detonators in tunnel excavation. Sequential fire time refers to adding an external time
delay to a detonators norminal firing time to obtain sequential initiation and it is determined by
sequential timer setting. To reduce the vibration level, sequential blasting machine (5.B.M) with decise-
cond detonators was adopted. A total of 134 blasts was recorded at various sites. Blast-to-structure
distances ranged from 20.3 to 42.0 meter, where charge weight varied from 0.25 to 0.75 kg per delay.
The results can be summarized as follow: 1. The effects of sequential blasting machine on the vibration
level are discussed. The vibration level by S.B.M are decreased approximately 14.38~18.05% compare
to level of conventional blasting and cycle time per round can be saved. 2. The empirical equations
of particle velocity were obtained in S.B.M and conventional blasting. V=K(D/W3)~", where the values
for n and k are estimated to be 1.665 to 1.710 and 93.59 to 137 respectively. 3. The growth of cracks
due to vibrations are found but the level fall to within allowable value.
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Fig. 2. Blasting and charge pattern by traditional blasting
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Table 1. Method of traditional blasting

Arrangrment of Divisions 1st Div. 2nd Div. 3rd Div. 4th Div.
Drilling Depth(m) 11 11 11 11
Advance(m) 1.0 1.0 1.0 1.0
Number of Holes 17 23 23 52
Diameter of Hole(mm) 38 38 38 38
Hole Spacing(mm) 500-750 300-750 300-750 300-750
Charge per Hole(g) 125-500 125-500 125-500 125-500
Length of Charge(mm) 216-866 216-866 216-866 216-866
Length of Stemming(mm) 234-884 234-884 234-884 234-884
Detonator MS #1-20 MS #1-20 MS #1-20 MS #1-20
Cartridge Diameter(mm) 25 25 25 17, 25
Explosive GD GD GD G.D Finex-1
Total Charge(kg) 6.375 6.502 6.502 11.02
Table 2. Method of sequential blasting
Circuit Array 1st 2nd 3rd 4th 5th 6th
Circuit Time(ms) 42 42 42 42 42 42
Drilling Depth(m) 11 1.1 11 11 11 11
Advance(m) 1.0 1.0 1.0 1.0 1.0 1.0
Number of Holes 30 30 20 20 26 26
Diameter of Hole(mm) 38 38 38 38 38 38
Hole Spacing(mm) 600-750 600-750 600-750 600-750 300-600 300-600
Charge per Hole(g) 125-375 125-375 125-375 125-375 125-375 125-375
Length of Charge(mm) 218-654 218-654 218-654 218-654 218-654 218-654
Length of Stemming(mm) 446-882 446-882 446-882 446-882 446-882 446-882
Detonator MS #2200 MS #220 MS #520 MS #5220 MS #820 MS #8-20
Cartridge Diameter(mm) 25 25 25 25 17, 25 17, 25
Explosive GD GD GD GD GD Finex  G.D Finex
Total Charge(kg) 7 7 4.125 4.125 5.2625 5.2625
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Table 3. Setting time of deci-second detonator
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Cireuit 3 0 me) 2 @2ms) 3 (84ms) 4 (126ms) 5 (168ms) 6 (210 ms)
Detonator
DSD 2 (sec) 0.250 0.292 0.334 0.376 0.418 0.460
3 0.500 0.542 0584 0.626 0.668 0.710
4 0.750 0.792 0.834 0.876 0.918 0.960
5 1.000 1.042 1.084 1126 1.168 1.120
6 1.250 1.292 1.334 1.376 1.418 1.460
7 1.500 1542 1.584 1626 1.668 1710
8 1.750 1.792 1.834 1.876 1918 1.960
9 2,000 2,042 2,084 2.126 2.168 2,120
10 2.300 2342 2.384 2426 2.468 2510
11 2700 2.742 2.784 2.826 2.868 2,910
12 3.100 3.142 3.184 3.226 3.268 3.310
13 3.500 3.542 3.584 3626 3.668 3710
14 4000 4.042 4.084 4126 4168 4210
15 4500 4.542 4.584 4,626 4.668 4710
16 5.100 5.142 5.184 5.226 5.268 5.310
17 5.700 5.742 5.784 5.826 5.868 5.910
18 6.300 6.342 6.384 6.426 6.428 6510
19 6.900 6.942 6.984 7.026 7.026 7.110
20 7.500 7.542 7.584 7.626 7.668 7.710
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Table 4. Comparison of blast conditions and measurement results

Items

Traditional Blasting

. Sequential Blasting

V-cut Type

Perpendicular V-cut
with Arrangement
of 3 row, 2 column

Perpendicular V-cut with
Arrangement of 3 row,
2 column, Addition of 3
Holes with Non-Charge

Blasting Charge per Delay (kg) 0.25—0.75 0.25—0.625
Conditions Total No. of Holes 115 152
Total Charge (kg) 30.399 32.775
Detonator MS #1-20 MS $#2-20
Distance (m) 20.3—-33.0 21.1—420
P.P.V (cm/sec) 0.112—-0.82 0.064—0.611
Measurement over 0.5 cm/sce 8/45 5/89
Results Square K 56.26 33.81
Root n —1.400 —1.316
Cube K 136.94 93.59
Root n —1.710 —1.665

Exvavating tunnel (34-97°)

Fig. 9. the plan view of gauge points on concrete
wall
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