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ABSTRACT: In NATM tunnel construction, Noise, low frequency sound, vibration propagates to the sur
roundings by blasting excavation. Although these are instantaneous phenomena of several seconds a day, they 
have a large influence on neighboring houses, therefore, countermeasures are often used. In the problem of 
blasting vibrations, countermeasures are taken by control blasting to change that increase the number of det
onations, but it is known that a high reduction effect can be exerted particularly by using an electronic delay 
detonator. Normally excavation is carried out by detonation of about 100 holes per 10 steps using an electric 
detonator. In the case of using an electronic delay detonator excellent in accuracy of control of time intervals, 
since it detonates in one hole per step, the influence of ground vibration can be suppressed by reducing the 
amount of explosive per step. In recent years, electronic delay detonators that can set and change the explosion 
time interval have been developed according to site geology such as ground geology and rock quality of vibra
tion propagation routes. In this report, test blasting using an electronic delay detonator capable of changing 
the detonation time interval at the site was carried out, and the effect and control blasting utilization method 
were examined. From the results oftest blasting, it has been shown that more effective vibration reduction is 
possible by setting the detonation time interval of the electronic detonator according to the ground surface 
hardness in the vicinity of the maintenance target and the geological condition of the propagation route. 
Furthermore, in order to improve the vibration reduction effect, we grasp that it is important to grasp the 
dominant frequency in the maintenance target and the propagation route. T herefore, we examined the method 
of grasping the dominant frequency and discussed the method of determining the detonation time interval and 
the method of determining the optimum range of application of control blast. 

1 INTRODUCTION 

Tunnel construction by drilling and blasting based on 
the New Australian Tunneling Method (NATM) gen
erates instantaneous noise, low frequency sound, and 
repeated vibrations that can last for several seconds. 
Although this is instantaneous and occurs only sev
eral times per day, a significant sonic influence will 
be exerted on the neighboring inhabitants. Therefore, 
countermeasures are considered in several scenarios 
(JapanExplosives Industry Association2002)· 

The blasting vibration can be reduced using con
trolled blasting based on an appropriate detonation 
method. For instance, if hole-by-hole detonation is 
possible, the amount of explosives that are required 
per blast can be reduced through the application of 
an electronic detonator (Tanaka 1992) over approx
imately ten precise detonation intervals. Recently, 
electronic detonators that can set and change the 
on-site detonation interval (Iwano 2014) have been 
developed, enabling the duration of blasting to be 
easily altered in response to the site conditions. 

In this study, we assess the usage of controlled 
blasting based on the analysis of the results of test 
blasting in which an electronic detonator was used 
to alter the on-site detonation interval. 
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2 TEST BLASTING US ING ELELCRONIC 
DELAY DETONATORS 
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T est blasting was conducted during tunnel con
struction in the Fukuoka Prefecture. Although the 
sediment-like decomposed granite soil and severely 
weathered granite are distributed near the mouth 
of the tunnel, fresh granite (CM to CH class) is 
observed to fill the inner part of the tunnel. This tun
nel exhibits several cracks with weathering in some 
parts; however, hard rocks that do not require steel 
support account for approximately 85% of the total 
volume. The tunnel face that was used for perform
ing test blasting comprised fresh and hard granite 
and appeared to be tightly closed with only small 
cracks. 

2.2 Measurement conditions 

The vibration velocity was measured at the two loca
tions (A and B) that are depicted in Fig. 1. Test blast
ing was conducted in the standard CI-pattern section 
depicted in Fig. 2 and involved the detonation of an 
electric detonator that was commonly used in the 
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