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and Charge Conditions

Seung-Hwan Park, Sang-Ho Cho, Seung-Kon Kim, Kwang-Yeom Kim and Dong-Gyou Kim

Abstract Crack-controlled blasting method which utilizes notched charge hole has been proposed in order to achieve
smooth fracture plane and minimize the excavation damage zone. In this study, the blast models, which have a
notched charge hole, were analyzed using dynamic fracture process analysis software to investigate the effect of
the geometry of a notched charge hole and decoupling indexes of the charge hole on crack growth control in blasting.
As a result, crack extension increased and damage crack decreased with the notch length. Ultimately, stress increment
factors and resultant fracture patterns with different notch length and width were analyzed in order to examine
the effect factors on the crack growth controlling in rock blasts using a notched charge hole.
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Dynamic fracture process analysis
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Explosive

shock waves
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(a) Propagation of
explosive shocks
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(c) Propagation of converging
shocks toward the apex of cavity
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Reflected shock waves

(b) Reflection of shocks from
inner surfaces and entry into
wedge-shaped air cavities
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Direction of
crack initiation
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(d) Generation of tensile stress
fields at the borehole wall near
the apex of cavity

Fig. 1. Shock converging effects produced by charge holders with wedge-shape air cavities and the mechanism of controlled

crack (after Nakamura et al. 1992).
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Fig. 3. Finite element layout for the analysis model having
a notched charge hole (unit: mm).

———

(b)Notched charge hole

Fig. 2. Granite block blast test utilizing a notched charge hole (after Kim ez al/, 2008).
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Table 1. Types of analysis models considering the geometry of notches and charge conditions.

Notch length Notch width Decoupling Index
Model type L (mm) W (mm) ) Remarks
Model 1 5 12 2.94
Model 2 10 12 2.94
Model 3 15 12 294 1. Notched charge hole
Model 4 10 9 2.94 2. Dynamic fracture process analyses and
Model 5 10 15 294 elastic stress analyses
Model 6 10 12 3.85
Model 7 10 12 227
1. Circle ch hol
Model 8 0 0 2.94 Circle charge hole
2. Only stress analysis

Table 3. JWL Parameters for emulsion explosive (after Cho

Table 2. Input parameters for the analysis models. et al., 2004).
Parameters Value Parameters Value
Density (kg/m’) 2140 4 (GPa) 254
Elastic modulus, £ (GPa) 77 B (GPa) 5.578
Poisson's ratio v 0.346 C (GPa) 0914
Mean compressive strength, Sc (MPa) 101 R 5.660
Mean tensile strength, St (MPa) 8.5 R, 1.489
P wave velocity, Cp (m/s) 3400 @ 0.317
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Fig. 4. Maximum principal stress distributions and crack propagation in Model 2.

(a) Model 1 (L=5 mm) (b) Model 2 (L=10 mm) (c) Model 3 (L=15 mm)

Fig. 5. Resultant fracture patterns with different notch lengths when D/=2.94 and W=12mm.
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Fig. 6. Resultant fracture patterns with different notch
widths when D/=2.94 and L=10 mm.

(a) Model 6 (DI=3.85) (b) Model 7 (DI=2.27)

Fig. 7. Resultant fracture patterns with different Decoupling
Indexes when =10 mm and W=12 mm.
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