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DE-based numerical simulation of blasting experiment of a concrete box
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Numerical simulation of blasting experiment of a concrete box is attempted based on the

distinct element (DE) method. For this purpose, the gas pressure acting at the inside

of the blasthole is identified so that the dynamic reaction can fit with the acceleration

data measured on the box surface. In this inversion the wave propagation is analyzed by

the time-domain boundary element method. The DE analysis in which the obtained gas

pressure is loaded as prescribed data is then achieved. The applicability of the DEM to

the blasting process is verified based on the comparison with the crack pattern observed
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1H)Ooo0ooUooooooooo (O 950-2181

2)(0)ooo (O 951-8668

3)y00uuooooooon (O 950-2181

4)0000pooooUooooo (O 950-2181
in the experiment.

1. 0000

00000000000000000000000000
000000000000000000000000000
noooooooooooooo W®poooooooo
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000 00000000000000
0000000000000 00000000000000
000000000000000000000000000
00000000000000000000000000
000 ®ooooo0000000DO0O0O0OoO0oon
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000D0000000000000000000
0000000000000 000000000000000
00000000000000000000000000
0000000000000 00000000000000
000000000000000000000000000

20150 90 14000020150 100 23000

ooooooooooo ®We®popooo ®ooooo
000000000000000000000000000
noooooooooooo PWooooooooooOo
000000000000000000000000000
0000000000000 00000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0Do00000o0O0O00Ooooooooooooo®ooo
000000000000000000000000000
000000000 000on
0000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000 00000000000000
000000000000000000000000000
0000000000000 00000000000000
000000000000000000000000000
00000000D0000000000000000000
000000000000000000000000000
00000000000000



Acceleration sensor@
]

Gaspressure sensor

Accel eration sensor@
blasthole
2.5m blasthole_ [%:4m ¢ 52x 1.5m
O ?52mm —

1.5m ‘Acceleration sensor3®)

1.0m
2.0m 3.0m
Front view Side view

Fig.1 Outline of concrete specimen

Side view

Front view

Fig.2 Experimental result
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Table 1 Material properties of concrete

Density p 2390(kg/m?)
Compressive strength | o. | 39.6 (N/mm?)
Tensile strength ot 3.75(N/mm?)
Young’s modulus E | 32500(MN/m?)
Velocity of P-wave Vp 4010(m/s)

Pressure (Pa)

time(s)

Fig.3 Pressure waveform(®)
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Py

Fig.4 Pressure waveform in present analysis
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Fig.6 Comparison of BE-analysis and acceleration data

Kt
Ka
T friction slider p
Me

tangential
normal

Fig. 7 Contact units between distinct elements

goobooooooboooooonn

OE _OE QE QE
mmm%mmmy“ﬂ%%%ﬁég%ﬁ (7)

000 00000000000 0A@)DODDOOOOO
00000000000 @BULOUUOOODODDOOUOOO

8A(tz) _ ti 8P(T_t0) Ty,
; _lw——&T—AQFJMT (8)

0

0(7)00000000000000EOOOOOOOOD
000000000tdPO0e0b000000
3.3. 0000
3.2000000000000000000000000
0 to=—446x 107*%00000 Py =5.75x 10°Pal 00
00000 e=1.33x 10°4%00000000000000
00000b=27000000000000000000
000000000000 ®@OO000000000000
000000000 Figé00O0000O00O0000e00O
0000000000 00000000000 500000
000000000000000000000000000
000000 ROOJWLOOODOOD ®Poooooooo
000 100000000000000000000000
0000000000000000000000000

4. DO00OO0OO0OOO0OoOOOOOoOooO
4.1. 00000

coooooooobooO0obO0obOOon Figrooooooo
ooobooooboooobodoooboboooboooobooooo
gboooboooooooboooobooobobooooooon

[N

G

Uy

Ug

Fig.8 Fracture model in DE-analysis
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Fig.9 Discretization with distinct elements
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Table 2 Parameters in DE-analysis

450000 (MPa/m?)
90000(MPa/m?)

Spring constant (nomal) K,

Spring constant (tangent) K,

pre-fracture
22.59(MPa - s/m?)
10.10(MPa - s/m?)

Damping coeflicient (normal) Mn

Damping coeflicient (tangent) M

post-fracture

Damping coefficient (normal) i 3.08(MPa - s/m)

Energy release rate of fracture | Gy 99.67(N/m)

Fig. 10 DE-analysis (time=0.02s)
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Fig.11 Snapshot of experiment (time=0.02s)

Fig.12 DE-analysis without transmitting boundary at the
bottom (time=0.02s)
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