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Abstract; This study presents a comprehensive approach to solve the problem of low ore recovery caused by the
difficulty in separating small-particle size ore from soil after blasting in a limestone building stone mine. Firstly, a

correlation model between blasting fragmentation and dynamic damage of rock mass was established based on field
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measurement data and numerical simulation results, which can determine dynamic damage thresholds corresponding
to various rock particle sizes. Secondly, the numerical simulation test of bench blasting in a three-dimensional frac-
tured rock mass was carried out by using different air-decked charging stages and borehole distribution parameters,
which can improve the particle size yield of 0.3 ~0.9 m and control the bulk ratio to obtain the best blasting param-
eters. Finally, the field blasting tests were conducted to optimize the charge structure and borehole distribution param-
eters based on numerical simulation results. The results show a negative exponential function relationship between the
blasting block size and the dynamic damage value of the limestone. Specifically,the dynamic damage thresholds cor-
responding to the blasting size of 0.3 m and 0.9 m are 0. 793 and 0. 286, respectively. Using only an air-decked
charging structure alone can increase the particle size ratio of 0.3 ~0.9 m and significantly raise the bulk rate. Con-
versely,, combining an air-decked charging structure with a reduced hole spacing markedly enhances the particle size
ratio of 0.3 ~0.9 m while maintaining a stable bulk rate. Optimal blasting results are achieved using a two-stage air
interval charging structure and a strategic reduction in hole distribution parameters. The field application results show

a 20. 09 percentage point increase in the 0.3 ~0.9 m particle size ratio, with the bulk rate remaining virtually un-

changed. Additionally, the unit consumption of explosives decreased by 10.29%.
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Table 1 Basic physical and mechanical parameters of ore

W/ (kg - m ™) JAMSE BRIHUEIREE/ MPa HURISRE/ MPa  SRPERTEL/GPa PNEEHES/© KiE )/ MPa
2700 0.25 79.90 11.64 69.5 42 13
*k2 BREWERHSH
Table 2 Open — pit bench blasting parameters
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LB MFLEE d/mm JFLKE I/m R 1,/ m WK 1,/ m fLIE a/m HEEE b/m

HE EM AL 115 17.0 2 3.5 7 3.5
=N = L BRI 327h FE24 HFE FLIEFERS/  HENa] SERT/

H/m WA o/ ° Q/kg q/(kg-t™") ms ms

15.0 70 JuR S A P 125 0.126 35 95
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Fig. 2 Bench face of the test area
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Fig. 3 The numerical model of bench blasting with fracture( unit:m)
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Table 3 Material constitutive model and state equation parameters

ok AR ZHURE
e RHT po/(kg-m™)  f./MPa G/GPa [y s B. B,
2700 79.90 27.77  0.05 0.02 0.0l  0.02
./ D/ A/ B/ E,/
. MAT_HIGH_ P e o R, R, © o
- EXPLOSIVE_BURN (kg - m™) (m-s™") a a a
1060 3900 49.4  1.89 3.9 .11 0.33 2.84
MAT_PLASTIC /(kg+m™ E,/GPa /GPa E,./MPa
TWHRR KINEMATIC ke : ' " ” g l
1800 28 0.241  0.25 0.5  0.025
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Fig. 4 Damage cloud map of bench blasting
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Table 4 The unit volume proportion of different damage intervals in the blasting area of numerical model

43 X [ 0~0.1 0.1~0.2 0.2~0.3 0.3~0.4 0.4~0.5
A H/ % 24.66 16.77 12.29 13.16 10.70

i X 18] 0.5~0.6 0.6~0.7 0.7~0.8 0.8~0.9 0.9~1.0
RS /% 8.28 6. 40 4.35 2.14 1.25

5 B DX
Fig. 5 The blast pile in the field test area
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Table 5 The rock fragments volume proportion of different particle intervals in the blast pile of the field test area

hif%/m 0~0.1 0.1~0.2 0.2~0.3 0.3~0.4 0.4~0.5 0.5~0.6
i /% 24. 88 7.5 10.35 13.38 11.71 9.00
$if%/m 0.6 ~0.7 0.7~0.8 0.8~0.9 0.9~1.0 1.0~1.3
5/ % 6.09 4.98 3.45 4.99
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Fig. 6 Cumulative curves comparison of on-site fragment

distribution and numerical simulation damage volume
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Table 6 The numerical simulation test scheme

, o , ) B K/ m

VE X k3 RN TERY LS/ m Sy - =
1 B 7.0%3.5 13.5
2 — B A S Ak 7.0x3.5 8.0 - 4.5
3 — Bz AR 6.5x3.5 8.0 - 4.5
4 B A SR 7.0x3.5 6.5 3.0 2.0
5 C BRI 6.5x3.5 6.5 3.0 2.0

T AR SRS R 2 —5

R DEMHRREHESH

Table 7 Air material and state equation parameters

p/ (kg -m™) C, C, c,

G, Cs Cs Ey, Vo

1.2 0 0 0

0.4 0.4 0 253 300 1
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Fig. 7 Damage cloud map of blasting numerical model with different schemes
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Table 8 Damage unit volume statistics of blasting numerical models with different schemes

g R 0~0.3m 0.3~0.9m 0.9 mJ

s By | P45 1X 8] 0.793<D<1 0.286 <D <0.793 0<D<0.286
B AR/m' R/’ /% BBV’ A% BBV %
1 EZ3EZ5 -7 x3.5m 1238.2 663.6 53.59 515.4 41.62 59.2 4.79
2 —BEEsA ARG -7 x3.5m 1234.2 509.1 41.25 583.5 47.28 141.6 11.47
3 —Bezs AR -6.5 x3.5m  1086.0 473.1 43.56 570.9 52.57 42.0 3.87
4 TBpZsANEIRE -7 %x3.5m 12401 423.2 34.13 586.6 47.30 230.3 18.57
5 B AIRG -6.5x3.5m 1051.6 326.5 31.05 662.2 62.97 62.9 5.98
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Fig. 8 The volume proportion of each particle

size after blasting with different schemes
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Table 9 Fragmentation statistics of on-site blasting test
- , JEZ / AR L/ %
R T FERAE ¢ = -
(kg *m™) 0~0.3m 0.3~0.9m >0.9 m
I#Agne B U PREREZ -6.5 3.5 m 0.305 30. 16 60. 76 9.08
2457 FREH HELHEA -Tx3.5 m 0.340 52.24 40.67 7.09
22 3Lk ( References)
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Fig. 10 Blasting effect comparison

before and after optimization
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