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Instantaneous
electric detonator

Fig. 1 The cross-sectional view of Electronic Delay Detonator.

Table 1 Result of measuring blasting time after Miyaji et al. '

. Standard
S8¢ | Ume(mecc) | timeimeer) | Devation | i
2 250 251 21 78
3 500 539 41 82
4 750 803 4] 83
5 1000 1055 47 81
6 1250 1340 54 80
7 1500 1615 80 73
8 1750 1882 68 75
9 2000 2219 78 79
10 2300 2503 116 70
11 2700 2892 114 76
12 3100 3349 117 78
13 3500 3735 122 68
14 4000 4164 153 60
15 4500 M7 162 65
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Shot point

Fig. 2 The layout of test site in Kamaishi mine and drillhole pattern.

Table 2 Rock sample analysis

Density ( g /erd) 2.66
Uniaxial compressive strength(MPa) 300
Tensile strength by radial compression test(MPa) 12
Young's modulus (GPa) 73
Poisson’s ratio 0.24
P wave velocity (m/s) 5800100

Table 3 Blasting characteristic

Table 4 SB characteristic

Tunnel cross-section ( nf) 8.0 SB explosive SUNVEX-400
Borehole spacing (em) 450 Detonation velocity(m/ s ) 3000
Borehole burden (m) 450 Explosive diameter (cm) 20
Borehole diameter (zm) 42 Borehole diameter (cx) 42
Number of borehole 59 Decoupling coefficient 2.1
Explosive SUNVEX-Enoki

Detonation velocity (m /s ) 5800 Tabled D& 3 0 TH2, REEMD 5, BABL
Ratio of explosive (kg/ ) 5.23 DSBRILE, I, UL, BBl L EER
Advance per round(m) 20r2.5 Hifie LORERFEXFE—IZ LT, BEFOALERD

L TIREPTICEA S hiz, 35 E0RECEEI2
mAEEI e, | @R TN LAk Xi22.0~2.5
mTH5, Ik, LEEITIXA—vh, P THEYRA
L, BRARAITIZSBBELWA LA, SBoHiz
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on the perimeter of the Let half, The EDD was used in the holes

Cutter face

on the perimeter of the right half.

«—— 3.2m

Fig. 3 The arrangement of detonator used on the perimeter holes.

Photo 1

The borehole tracks on the remainig rock
surface after the excavation.
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Table 5 Criterion of borehole track ratio

Rank Criterion
Rank-A Borehole track ratio is 75~100%
Rank-B Borehole track ratio is 50~759%
Rank~C Borehole track ratio is 25~50%
Rank-D Borehole track ratio is 0~25%
0% 100%

Fig. 4 The estimation of Smoothness on the ex-
cavated rock surface by the borehole track
ratio.
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Fig. 5 The location of boreholes, vibration sensors and shot points for in-situ

seismic prospecting.
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Fig. 6 The travel time curve in the seismic prospecting

am)T

f

3.4 Direction of excavation
Vp=1330m/s

27 Vp=1780m/s
=i
A " Vp=6070m/s
D Lot side ol Rightside g :

Fig. 7 The wave velocity distributions obtained by
method of difference used P-wave velocity.
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Fig. 8 Location of breaking face in boring cores.
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A experimental study on the damage area of smooth blasting by the
electronic delay detonator

by Yoshiharu TANAKA*, Atsuo HIRATA*, Masayuki YAMAMOTO**
Hirohumi MATSUNAGA**

Smooth blasting(SB) is the standard method for underground rock excavation, to
reduce overbreak and remaining rock damage and to obtain a smooth remainingrock sur-
face , all of which are important for the structural stability of the excavated tunnel and for
economy in the use of rockbolts, shortcretes, and other structural support. In the techni-
que, detonater delay accuracy is one of factors which effect on control blasting. Conven-
tional Deci Second Detonater (DSD) isn’t good on delay accuracy. In the present study, we
utilized the high accuracy of the electronic delay detonator (EDD) to investigate its effect
on overbrake , remaining rock damage , and surface smoothness , in comparison with Deci
Second Detonator (DSD). The experiments were conducted in a deep mine , in a test site
region composed of very hard granodiorite. The test tunnel was 8 nof in cross section, and
the advance per round was 2.0—2.5m . The EDD was used in the holes on the perimeter of
the right half, and the DSD was used in all other holes. '

After excavation of the test tunnel, we surveyed the smoothness of the rock surface
and damaged area of the remaining rock by observation of tunnel wall and in-situ seismic
prospecting. We concluded that using EDD for SB could be decreased the damaged area in
remaining rock and created the smooth surface.

(*Nishimatsu Construction Co.,LTD. Technical Research Institute 2570—4 ,
Shimotsuruma, Yamato, Kanagawa T242
**Asahi Chemical Industry Co.,LTD. Explosives Sales Department.The Im-
perial Tower 16F. 1 —1, Uchisaiwaicho, 1-chome, Chiyodaku, Tokyo
T100) '
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