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The Effect of Blasting Design and Rock Mass Conditions on Flight Behavior of Rock
Fragmentation in Surface Mining
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Rock blasting is one of the most common techniques for rock breakage in the open-pit mining excavation. On
the other hand, the application of the technique has been restricted by law since it may cause a serious impact on
surrounding environment, such as flyrock, ground vibration and noise. According to the statistics, more than 70%
of accidents relating to the usage of explosives is flyrock. This accident may cause serious damage to buildings,
human beings, and objects in the surrounding area. However, a detailed guideline for prevention of flyrock has not
been developed yet. From these points of views, a series of field experiments was conducted and initial velocity and
flying direction of fragmented rock were discussed by considering blasting standard and rock mass conditions such
as strength, fractures/cracks and joints. The result shows that powder factor and burden have strong influence on the
initial velocity of fragmented rock. Not only blasting designs but also rock mass conditions, cracks/joints strongly
effect on the initial velocity. In addition, it was also made clear that the existence of fractures/cracks/joints in the
blasting face have an obvious impact on the direction of fragmented rock.
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Table 1 Prediction equations for each type of flyrock.
Type of flyrock Equation
Face blasting Lmax= f (%)M
Cratering Liax= g (;%)2-6
Rifling me=§z(g)26sin260
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Table 2 Standard blasting design in Iwado mine.

Spacing (m) 1.5
Burden (m) 1.5-3.0
Borehole diameter (mm) 76
Bench height (m) 10
Bench angle (° ) 80
Drilling angle (° ) 80
Drilling length (m) 11
The number of blast hole 8-12
Powder factor (kg/t) 0.12-0.237
Delay time (ms) 0
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Fig.2 Evaluation method for crack density on the surface of rock mass.
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Fig.3 Outline of arrangement of cameras and flight angle of blast-induced
fragmented rock.
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Fig.4 Example of a series of images taken by high-speed camera.
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Fig.5 The relationship between powder factor and maximum
initial velocity of blast-induced fragmented rock.

SRR X E N E R, 272 m/s, 242 m/s, 126m/s THY,
INDORERNG, e/ MEPHRE DN S VT E R RPIRE A K &
TR HBIRAFRD B, e/ MEFUE A L) O fie K1 K&
FETHENKRES N L0300 D, ZhUE, B/MEFIHREIV/NE W
1F L AW E TOREMERN/ NS RD 720, BEICE DT RLF—
NEYVERESEBDIRLSTLRDHIET, R~ FHHT L=
FAX—PAT 2L EZ NG, #5551V omEc,
B/ MEFREDH 13 m ~ 4.5 m ICB T D RMEERICHVT, K
AMEHREK 1.3 m ~ 2.0 m 1200 T, HR/NEHHRE 0Bz
RV, BEEEEITNE K 220, DIRERYIEENIIE - EICRD I %
RLTWD, EREMBISGN R 570w, WAl I cEz2n
HOO, T E RIVEARRBROM R & EERIE B L Tns &
EZD,

=07, KIEFUALFS K O/ MEFTRME A RIFRE TH D12 b
PoP, FH SRR ICHERERNED BND, T2E X
I, B MEPIRRED 2.0 m O%E, FHIESNIREE DN T X
MIEFICREL, RSN b KR ERYBEE L, H/MEPRE
N 15 m OBEOHHEDRAMEL Y bREW, T7hbb,
D OWERL 2 TR L PHRICESITIE, R/ MEHRE 26 Y)
IZHIE3 2 2 & CTHREEORIBEAFEETH DL Z LA R LTS
B, RRFAERDRTHRER LI L T D, ARBRTIE, B

@ https://doi.org/10.2473/journalofmmij.135.94

50

= A

E40 | =

>

3]

2,0 B a

>

E s 4

£ 20 A

Z10 A

E .
0 T T

T T
1.0 15 2.0 25 3.0 35
Burden [m]

Fig.6 The relationship between burden and maximum initial
velocity of blast-induced fragmented rock.
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Fig.7 The relationship between crack density and maximum initial velocity of blast-induced fragmented rock.
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Fig.9 The relationship between BTS and maximum initial velocity of blast-induced fragmented rock.
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Fig.10 The relationship between BTS and maximum initial velocity of of blast-induced fragmented rock in each burden.
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Fig.11
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Fig.12 Tllustration of each parameter for discussion of flight angle of blast-

induced fragmented rock.
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Fig.13 The relationship between strike of joint and flight angle of
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