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Abstract

Owing to the saturation of ground spaces in downtown areas, underground spaces are
being developed increasingly. Underground spaces are utilized for transportation,
water supply and sewerage, communication zones, electric power zones, and various
cultural complexes. In Korea, for excavating underground spaces, blasting methods
using gunpowder such as the New Austrian Tunneling Method (NATM) are mainly
used. However, the blasting method causes vibration and noise during tunnel exca-
vation, generating many complaints from residents in the vicinity of the excavation
site. To address this problem, various methods have been developed, and recently,
vibration and noise have been reduced using deep excavation. This study predicts blast
vibration changes according to the depth, under the same blasting and tunnel condi-
tions, using numerical analysis based on the blast vibration measurement data of the
GTX-A route, the tunnel cross-section drawings, and ground investigation reports.
Furthermore, the necessary separation distance from densely populated areas such
as residential areas is suggested by analyzing the trend of decreasing blast vibration
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according to the distance from ground surface directly above the blasting location.

Keywords: Tunnel excavation, Blasting method, Blast vibration, Deep excavation, Numerical analysis
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Table 1. Tunnel standard specification (MOLIT, 2016)

Building type Permissible vibration (cm/sec)
Vibration-sensitive structures and cultural heritage 0.2~0.3
Structures with masonry infill walls and timber ceilings L0
(traditional houses and low-rise general houses)
Masonry buildings with underground foundations and concrete slabs (row houses) 2.0
Medium and small buildings with reinforced concrete framework and slabs 30
(low-rise apartments)
Large buildings with reinforced concrete, reinforced framework, and slabs 50

(high-rise apartments)

Table 2. Blasting vibration standards for subway construction in Seoul and Busan (MOLIT, 2002)

Classification Building type Permissible vibration (cm/sec)
Cultural heritage and buildings with precision machinery 0.2
Houses and apartments 0.5
Seoul subway - ——
Shopping complexes, offices, and public buildings 1.0
Reinforced concrete and steel frame factories 4.0
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Table 2. Blasting vibration standards for subway construction in Seoul and Busan (MOLIT, 2002) (continued)

Classification Building type Permissible vibration (cm/sec)
Cultural heritage such as relics or ancient sites 0.2
Nearby computer facilities 0.2
Busan subway | Houses and apartments 0.5
Shopping complexes 1.0
Reinforced concrete buildings and factories 1.0~4.0

Table 3. Overseas blasting vibration standards (MOLIT, 2002)

Classification Building type Permissible vibration (cm/sec)
Tunnel blasting in densely populated areas 1.0
. . Tunnel blasting in areas with low population density 2.5
United Kingdom - -
Open-pit blasting at a frequency of 12 Hz or less 1.2
Other 0.5
Vibration with a frequency of 40 Hz or more 5.0
United States Vibration with a frequency of 15 Hz or more 1.0
Vibration with a frequency of 1 Hz or less 0.5
) Vibration with a frequency of 15 Hz or more 1.9
Austria — -
Vibration with a frequency below 15 Hz 0.02
. Historical relics or sensitive structures at 10 to 60 Hz 0.762
Switzerland — - —
Historical relics or sensitive structures at 60 to 90 Hz 1.27
No damage caused 0.2
Japan Vibration can be detected, but no structural damage occurs 0.2~0.5
Microscopic damage occurs only in areas where the structure is 0.5-1.0
particularly vulnerable T
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Table 4. The material properties of the ground

Classification Unit weight Cohesion Angle of shearing resistance | Young’s modulus Poisson’s
(KN/m?) (KN/m®) © (Mpa) ratio
Landfill 18 0 31 1,300 0.3
Weathered soil 19 15 31 3,500 0.3
Weathered rock 20 30 33 30,000 0.3
Hard rock 27 1,890 40 1,290,000 0.2

Table 5. The empirical equations for blasting load

Classification Equations
Pp =0.000424 - V.2 p. (1-0.543 0.+ 0.193 p %)
Hino (1959) Pp : Blasting load (kg/cm?), V. : Average velocity of explosion (m/sec),

p . : Average of specific gravity (g/cm’)

PA:(2' pa'Ca)/(AOa'Ca+ pe'Ve)'PD

0 »: Tamping density of sand (g/cm?), C, : Velocity of shock wave (sand) (m/sec)
P'=P,- W-2x - Diameter of boring / Length around the blast hole

W : Explosive charges (kg)

P(t)=4 P {exp(-B-t//2)-exp(- V2 - B-t)}

P(t) : Pressure according to time t (kg/cm?), B : Constant for load (16,338),

t : Time (0.06 psec)

Tamping

Starfield and Pugliese (1968)

The empirical equations
with time history
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