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Prediction for Measurement Range of Vibration due to Blasting
of Underground Tunneling
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Abstract

Vibrations were measured at the surface of a GTX-A site to assess the impact of blasting on underground tunneling.
A numerical analysis was conducted using the same ground and blast conditions as those at the site, accompanied by
a comparative analysis of other GTX-A sites. This analysis determined the maximum vibration velocity at regular intervals
directly above the blasting point at each site. The results were compared with domestic and international vibration
standards to establish the vibration measurement range. The specified vibration measurement locations in domestic
regulations—“measuring from the closest part of the structure’s foundation to the blasting source, and if conditions make
it impossible, measuring from the nearest surface to it”—were evaluated. Furthermore, this study underscores the

significance of considering the tunnel drilling depth and soil conditions when selecting a vibration measurement location.
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Table 1. Domestic and international blasting vibration standards (MOLIT, 2002; MOLIT, 2016)

Classification Building Type Permissible Vibration (cm/sec)
Vibration—sensitive structures and cultural heritage 0.2 ~ 03
Structures with masonry infill walls and timber ceilings
o : 1.0
(traditional houses and low-rise general houses)
Korea Masonry buildings with underground foundations and concrete slabs (row houses) 2.0
Medium and small buildings with reinforced concrete framework 30
and slabs (low—rise apartments) )
Large buildings with reinforced concrete, reinforced framework,
) ) 5.0
and slabs (high—rise apartments)
Tunnel blasting in densely populated areas 1.0
) ) Tunnel blasting in areas with low population density 25
United Kingdom - -
Open—pit blasting at a frequency of 12 Hz or less 1.2
Other 0.5
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
J Vibration can be detected, but no structural damage occurs 02 ~ 05
apan
Microscopic damage occurs only in areas where the structure is particularly vulnerable 05~ 10

Table 2. The building damage and human health according to
the blasting vibrations (MOLIT, 2002)

The vibrations (cm/sec) | Effects on buildings and human health

over 50.0 Major damage to the building
10.0 ~ 50.0 Cracks appear in the building
50 ~ 10.0 Minor damage to the building

Very minor damage to the building

10~ 50 (Feeling about a building collapsing)
0.2 ~ 10 Feeling significant vibrations
0.05 ~ 0.2 Many people feel the vibration
0.01 ~ 0.05 Sensitive person feels vibration
less than 0.01 Cannot feel the vibration
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Fig. 1. The field blasting vibration measurement
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Fig. 2. Modeling of 3D numerical analysis
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N Unit weight Cohesion Angle of shearing | Young’s modulus ) , )

Classification Model (kN /mg) (kN /m3) resistance () (kN /ms) Poisson’s ratio
Landfill M-C 18 0 31 13,000 0.3
Sedimentary layer M—-C 17 0 33 17,000 0.35
Weathered soil M—-C 19 15 31 35,000 0.3
Weathered rock M—-C 20 30 35 150,000 0.26
Soft rock M-C 23 140 32 250,000 0.2
Normal rock M-C 26 790 37 7,800,000 0.25
Hard rock M—-C 26 1,500 41 13,000,000 0.22

Table 4. The properties of explosives
Classification Ve (cm/sec) (g/cm”) Diameter (mm)
Emulsion 5,700 ~ 5900 1~13 25 ~ 36
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Table 5. Charge weight and blasting load

Classification Charge weight (kg) | Blasting load (kg/cm?)
Cut—hole @ 220 150.58
Cut—hole @ 2.80 191.65
Expanded hole 0.75 119.78

& Zasle] 712 100Hz, 5%7}F A-3-% ¢l th(Jeon et al.,

2007, Ahn et al., 2014, Kim et al., 2015).
Pp=0.000424- Vf - P (1 —0.543p, + 0.193])2) ()

(Pp : Blasting load (kg/cmz), V. : Average velocity of

explosion (m/sec), p. : Average of specific gravity (g/cm3))

PA:(QpaCa)/(paCa+paVc)PD (2)

(pa : Tamping density of sand (g/cm2), Ca : Velocity of

shock wave (sand) (m/sec))

P’ = P-W-2n-Diameter of boring /
Length around the blast hole 3)

(W : Explosive charges (kg))

Pt)=4-P,_(—Bt/v/2)—exp(—/2-B-t) “4)

exp

(P(t) : Pressure according to time t (kg/cmz), B : Constant
for load (16,338), t : Time (0.06 psec))
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