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Numerical Simulation of Tunnel Blasting
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Abstract. In the tunnelling by blasting, the calculations of charge weight and the estimations of blasting effect ‘

have been simply carried out by empirical formulas. Also, it has been rare to consider the impact energy of
blasting in numerical analyses. Thus in this study a numerical modeling technique of blasting load is developed
and used with the 2 dimensional distinct element method(DEM) to consider the nonlinear behaviour of
discontinuous underground structures. To examine and verify its applicability of the numerical model to actual
problems, a blasting of tunnel under an embankment is numerically analyzed with DEM. It is examined that the
behavior of circumference structures, the displacements of above- and under-ground structures, and the
propagation of particle velocities can be known by this numerical analysis. As a result, the blasting load model,
proposed by this study, can be applied to actual problems. This model applied with DEM can be used in the
examination of structural stability.
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Fig. 1. Relationship between density of charge and covolume.
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Fig. 3. Relationship between frequency and amplitude.
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Items Gravel Clay Gneiss Schist
Density, p (kg/m’) 2,040 2,160 2,670 2,700
Elastic modulus, E (MPa) 15,000 1,400 58,400 58,400
Poisson's ratio, v 0.3 0.12 0.11 0.1
Bulk modulus, K (MPa) 12,500 600 25,000 25,000
Shear modulus, G (MPa) 5,800 630 26,300 26,300
Cohesion, ¢ (MPa) 0 0.196 0 0
Friction angle, ¢ 38 3.4 34 34
Normal stiffness, Kn (MPa/m) 1,100 1,250 14,600 14,000
Shear stiffness, Ks (MPa/m) 1,100 1,250 14,600 14,000
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Table 3. Revised pressure of each blasthole.
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Table 2. Properties of explosives used.

Item KOVEX-100  FINEX-I
(dia. 32 mm) (dia. 17 mm)

Specific gravity (kg/l) 1.06~1.08 1.2~1.3
Detonation velocity {m/sec) 4,300 4,000
Specific energy (/ + kg/em’) 7,600 4,400
Blasting pressure P, (MPa) 823.2 550.0
Covolume o 0.67 0.58
Revised pressure P, (MPa) 2,820 1,960
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Weigf_‘t of charge per Volumg of charge per Decoupti Blasthole  Circumference Length of  Revised
Step unit length (kg) unit length (/) rzltli[:) "8 pressure length of excavation  Pressure
Kovex-100 Finex-I Kovex-100  Finex-I (MPa) blasthole (m) ~ face (m)  (MPa)

1 1.1100 - 1.0280 - 1.53 1,878 0.85 6.44 74

2 1.1258 - 1.1363 - 1.40 2,047 0.85 6.44 81

3 0.9889 - 0.9242 - 1.72 1,683 0.85 6.44 67

4 1.0171 - 0.9506 - 1.67 1,728 0.85 6.44 68

S 1.0471 - 0.9786 - 1.63 1,776 0.85 6.44 70

6 1.0788 - 1.0082 - 1.58 1,828 0.85 6.44 72

7 1.0788 - 1.0082 - 1.58 1,828 0.85 6.44 72

8 1.1842 - 1.1067 - 1.44 1,997 0.85 9.50 54

9 1.1842 - 1.1067 - 1.44 1,997 0.57 720 47
10 1.5250 - 1.4252 - 1.12 2,539 1.27 11.30 86
11, 0.7416 - 0.6931 - 2.29 1,280 0.57 4.10 53
11 1.5250 - 1.4252 - 1.12 2,539 0.28 5.50 39
12 0.7416 - 0.6931 - 2.29 1,280 1.56 12.15 49
136 0.0568 0.2200 0.0531 0.1600 - 322 226 7.94 28
135 1.5250 - 1.4252 - 1.12 2,539 0.28 4.24 50
14 0.0568 0.2200 0.0531 0.1600 - 322 2.83 1140 24

15 1.5250 - 1.4252 - 1.12 2,539 0.28 2.57 83
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Fig. 9. Simulation of each blasting step.
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Point Location Peak particle velocity Time Blast step Remarks
6 Backside 2.8 mm/sec 1.57 sec After 13
7 Middle 2.1 mm/sec 1.78 sec After 15 within 2.25 sec
8 Front 1.8 mm/sec 1.8 sec After 15

Table 5. Displacement at each measuring point of embankment.

Point Location X-displacement (mm)  Time (sec)  Y-displacement (mm)  Time (sec) Remarks
6 Backside 0.08 1.98 0.08 1.97
7 Middle Q.05 1.75 0.04 195
8 Front 0.03 1.75 0.03 1.97 within 2.25sec
9 Top(Backside) 0.04 1.75 0.04 1.9
10 Top(Front) 0.06 1.75 0.04 1.96
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