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Fig. 1 Schematic diagram of transmission and reflection of the stress wave
of the backfill under dynamic load of the slit packet blasting
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Table 1 Mechanical property parameters of backfill under different confining stress

6,/MPa 0,/ MPa 0,/MPa 2 o;
0 0 1.998 0.330 1.000
2 2 11.996 2.678 5.145
4 4 17.991 4.342 7.223
6 6 23.046 5.881 8.345
8 8 27.651 7.367 9.789
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e Data point
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Fig.2 Parameter fitting results of backfill failure surface
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Table 2 Constitutive model parameters of RHT for backfill

f./MPa A A G/MPa @, p/MPa Pol(gem™)
1.987 0.102 0.18 237.86 1.0 1.33 1.572
A4,/GPa A4,/GPa A,/GPa Y N B. B,
4.12 5.03 1.06 2.716 0.655 0.15 0.091
D, D, &5/s™! &y/s! B, T, T,
0.04 1.00 3.0x107° 3.0x10°° 1.22 0.0412 0
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SURFACE FAE 4 8 B il 45 2, I3 17 CONTROL CONTACT 58 1k 322 fid i+ 884 52 M . 181 LS-PrePost Jii
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Table 3 Specifications of No.2 rock-suitable emulsion explosives

Density/(g-cm ™) Detonation velocity/(m's™")  p.,/GPa  A/GPa  B,/GPa R, R, w E/GPa
1.24 3800 7.40 214.4 0.182 420 090 0.15 4.192
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R4 YVERBELENSY

Table 4 Structural specifications of the slit-tube charge

Density/(g-cm ™) Tensile strength/MPa  Impact strength/(kJ-m)

1.38 60 7 36 32

External diameter/mm Internal diameter/mm

=S5 HEMRMERM

Table 5 Physical properties of ore-rock materials

. 3 Compressive strength/ Tensile strength/ Shear strength/ Static modulus of
Density/(g-cm™) G/GPa ..
GPa MPa MPa elasticity/MPa
3.06 33 0.144 7.18 9.23 15.48
6 TENMREFMEESH
Table 6 Characteristic parameters of air medium

Density/(g-cm ™) Temperature/K y C, Cs E/Pa v

1.225x107° 288.20 1.40 0.4 0.4 0.25 1.0

AR Q& 3 o, thZ2 =40 5ok 7o
LWk 2R UIAESE L MRS . BUE RTINS
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5473 Y AL R AE 5 DL S LR - A B T O AR s,
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PEXT RE It A b T R T WS G R
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THT A5 I A 1R 2, A X L 0 BT BB i 458 40 A A AL
THT 2 AR A AL T S ORI A 4
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221 BHEBERATREANBGEL
K5 FE 6 25 T FLEIFE A 500 mm TOLF
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Fig.3 Schematic diagram of the numerical simulation model
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Fig.4 Sensor configuration scheme
for the numerical modeling
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(a) 50 ps (b) 100 ps

(e) 800 pis | (f) 1 000 pis
K5 HALEIEE R 500 mm A% MG ERRHR 5L = K]

Fig. 5 Damage evolution contours of standard charge blasting with 500 mm perimeter hole spacing
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Fig. 6 Damage evolution contours of slit charge blasting with 500 mm perimeter hole spacing
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Fig. 7 Damage evolution contours of slit charge blasting with varied perimeter hole spacings at 1 000 ps
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Fig. 8 Comparative analysis of blast-induced dynamic response between conventional charge and slit-tube charge
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Fig. 9 Correlation analysis between peak stress and peak particle velocity
under various blast loading conditions
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Fig. 11 Spatial topology structure of
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Table 7 Flow control checklist for 500 mm circumferential blast holes with unstemmed casing

Blasthole Borehole number Number of holes Rolls of blast holes Subtotal/kg Blasthole depth/mm Ignition order
Trench hole 1-10 10 10 20.0 3.5 I
Auxiliary hole 9-28 18 6 21.6 3.1 I
Peripheral hole 29-47 19 4 15.2 3.1 Il
Bottom hole 48-56 9 10 18.0 3.1 v
Total 56
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Fig. 12 Quantitative characterization of box-counting dimension evolution

for backfill blast-induced cracks under different working conditions
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Characterization of Damage to Adjacent Backfill by Blasting of Slit Packets
ZHU Benliu'?, LI Xianglong'?, XU Jie’, ZHAO Pinzhe'”

(1. Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650093, Yunnan, China;
2. Advanced Blasting Technology Engineering Research Center of Yunnan Province Education Department,
Kunming 650093, Yunnan, China,

3. MCC Tongsin Resources Ltd., Beijing 100028, China)

Abstract: In order to accurately regulate the damage effect of slit pack blasting on the backfill of the quarry
in deep mines, this study focuses on the damage control mechanism of the peripheral hole spacing (500, 600,
700, 800 mm). Based on the theory of elastic fluctuation and the dynamic propagation characteristics of
shock waves in rocky media, the diffusion mechanism of the stress wave under the action of multi-media in
the constrained orientation during slit packet blasting is established. Combined with the strong correlation
between brittle concrete materials and the damage evolution of the backfill, the cross-media equivalence
calibration framework of the Riedel-Hiermaier-Thoma (RHT) intrinsic model is established. Based on the
numerical simulation software ANSYS/LS-DYNA, we constructed a multi-media dynamic coupling
numerical model of “filling body-mineral body-cutting slit package”, arranged observation points at the
junction of filling body-mineral body, and conducted a combined analysis of the peak stress change, the
change of the blast vibration velocity, and the damage evolution of the filling body at the observation points.
Then, based on the blasting test of the approach and return stage of the neighboring filling body in Jinchuan
Three Mining Area, the blasting test of conventional packs, slit packs and different peripheral hole spacing
was conducted. The test shows that: slit pack blasting triggers gas-phase jet and strain-energy convergence
effects in the unconfined direction, synchronously suppresses the stress and vibration peaks in the confined
direction, and achieves directional attenuation of the blasting load on the neighboring filling body; the field
test shows that, compared with the conventional charge, the slit pack significantly reduces the degree of
damage of the backfill by more than 36%; the degree of blasting damage and the peripheral hole spacing
show a negative correlation, and the damage suppression efficiency is improved with the increase of the
spacing. The damage suppression efficiency is improved when the spacing increases.

Keywords: constitutive model; slit pill packs; filling body damage; constrained orientation; fractal

dimension
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