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Estimation of Attenuation Relationship Compatible with Damping Ratio
of Rock Mass from Numerical Simulation
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Abstract

The stability of the adjcent structures or slopes under blasting is typically evaluated using an empirical vibration
attenuation curve or dynamic numerical analysis. To perform a dynamic analysis, it is necessary to determine the blast
load and the damping ratio of rock mass. Various empirical methods have been proposed for the blast load. However,
a study on representative values of damping ratio of a rock mass has not yet been performed. Therefore, the damping
ratio was either ignored or selected without a clear basis in performing a blast analysis. Selection of the dampring ratio
for the rock mass is very difficult because the vibration propagation is influenced by the layout and properties of the
rock joints. Besides, the vibration induced by blasting is propagated spherically, whereas plane waves are generated
by an earthquake. Since the geometrical spreading causes additional attenuation, the damping ratio should be adjusted
in the case of a 2D plane strain analysis. In this study, we proposed equivalent damping ratios for use in continuum
2D plane strain analyses. To this end, we performed 2D dynamic analyses for a wide range of rock stiffness and
investigated the characteristics of blast vibration propagation. Based on numerical simulations, a correlation between
the attenuation equation, shear wave velocity, and equivalent damping ratio of rock mass is presented. This novel
approach is the first attempt to select the damping ratio from an attenuation relationship. The proposed chart is easy

to be used and can be applied in practice.
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Table 1. Geometric spreading coefficient for source and wave type (Kim and Lee, 2000)

Source location Source type Wave type m Physical
Surface Point Body 2.0 Single footing Load
Surface 0.5 Single footing Load
Line Body 1.0 Traffic load
Surface 0 Traffic load
Underground Point Body 1.0 Spherical load (=point)
Line Body 0.5 Cylindrical load (=line)
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Table 2. Pressure decay coefficient for rock type (Liu and Tidman, 1995)

Rock type Wave type B Rock velocity (1}, km/sec)
Limestone Emulsion -1.65 3.5
ANFO -1.54
Granite Emulsion —1.48 4.82
ANFO -1.39
Granodiorite Emulsion -1.24 5.6
ANFO -1.32
Pyrite Emulsion -1.38 6.0
ANFO -1.29

Emulsion: p=1.18 g/cm®, VOD = 4.3 km/sec. ANFO: p=0.9 g/cm®, VOD = 3.5 km/sec.

Table 3. Relationship between blast coefficient and rock strength

(Kim et al., 1994)
Uniaxial strength (MPa) K n
35 286.2 2.1
88 37.5 1.94
119 21.27 1.41
138 47.4 1.3
145 132 1.4
145 12.6 1.13
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Table 4. Material properties

Type Shear velocity (m/sec) Unit weight (kN/m?) Poisson ratio
2500
Hard rock 2000 25 0.25
1500
1200
Soft rock 1000 23 0.27
800
650
Weathered rock 500 21 0.3
450
10
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Fig. 2 Blast load
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