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Abstract :

extensively developed joint fractures and prolonged implementation of continuous coupled charging configurations. To

In a limestone aggregate quarry,excessive fines generation following blasting was primarily caused by

minimize the generation of blasting fines and improve rock fragmentation, a small-diameter charge technology was de-
veloped based on the principles of decoupled charge blasting. Firstly, a fragmentation-damage correlation model for
blast-induced fractured rock mass was developed in ANSYS/LS-DYNA based on field-collected measurement data.
Secondly ,numerical simulations were conducted to evaluate the blasting performance of the small-diameter charge
structure relative to traditional decoupled charge methods, thereby confirming the technical viability of the proposed
small-diameter charging approach. Thirdly, numerical simulations were conducted to determine the correlation be-
tween segmented small-diameter charge lengths and fines generation rates, thereby enabling technical optimization.
Finally,field verification tests were conducted in accordance with simulation findings to assess the performance of the
refined small-diameter charging method. Numerical simulations demonstrate that the small-diameter charging tech-
nique provides superior control over rock fragmentation,with the optimal dust reduction achieved using a dual-seg-
ment 2. 0 m small-diameter charge configuration. Field tests demonstrate that employing a dual-segment 2. 0 m small-
diameter charge configuration reduces blasting fines generation by 6. 53 percentage points compared to conventional

continuous coupled charging, while maintaining comparable boulder yield, offering practical guidance for similar ag-

gregate quarry operations.
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Table 1 Mining production blasting parameters
i H 24 i H 24 I H 28
Projects Parameters Projects Parameters Projects Parameters
A s i i s o o 5
Bench height/m Row spacing/m ’ Charge length/m ’
fLiz 150 fLEE 5 5 BERE 73
Hole diameter/mm Hole spacing/m ’ Stemming length/m ’
EARES 16.5 LA 125 FLIANAE 17
Hole depth/m ' Charge weight per hole/kg Inter-hole delay/ms
EERES 15 YE2h ke 0.125 HEa] A i 4
Subdrilling/m ' Powder factor/ (kg - t™") ' Inter-row delay/ms
xR2 EAMENESY
Table 2 Rock physical mechanical parameters
s THAALE TR SR PRI SRS TN BE S A1 K H
Density/ Poisson’s Uniaxial compressive Tensile Elastic Internal friction Coh 7 o/ MP
(kg+m™?) ratio strength/MPa strength/MPa ~ modulus/GPa angle/° onesio 4
2700 0.15 116.59 14.33 33.08 50.03 22.46

(b) TAW-200024F1
=R RS
(b) TAW-2000 rock

triaxial testing system

(a) f1 AR

(a) Limestone core sample

K2 WA lAds

Fig. 2 Laboratory rock mechanics testing
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Table 3 Constitutive models and parameter selection for rock material

FrHE D Constitutive models

ZBHUH Parameter selection

po/(kg+m™) [f/MPa

RHT

G,/GPa  f'/GPa  f'/GPa B B,

2700 96.13

12.24 0.10 0.18 0.01 0.0136

TE: po IMPRVERE f, 0 SARGTIRSRIE s G, N S IR s f DA RIRSRIE LU DA B RS 1L 5 B, D 4R I A%

HIGRGB, NP AR R HL

Note:p, is material density; f. is uniaxial compressive strength; G, is shear modulus; f* is tension-compression
Po YiJe p ’ 1 sJt P

strength ratio;f,” is shear-compression strength ratio;B, is compressive strain rate exponent;, is tensile strain

rate exponent.

x4 PEABEMEHERRSHIEER

Table 4 Constitutive models and parameter selection for fracture material

K4 BHE Y Constitutive models

f}%ﬁﬁ({ﬁ Parameter selection

p/ (kg +m™)

E/GPa u

o/GPa  E,/MPa B

* MAT_PLASTIC_KINEMATIC
1800

28 0.241 0.25 0.025 0.50

T py IMBVEIE E Db R 0 MIAAA o BRI ST 5 ., VT2 5 B W BEL S 40

Note:p, is material density;E is elastic modulus;u is poisson’s ratio; o is yield stress; E

hardening parameter.

is tangent modulus;g is

tan

RS EHMBERRSHIER

Table 5 Constitutive models and parameter selection for explosive material

FBHE RS Constitutive models

ZBUH Parameter selection

Y4 (kg + m~’ )
* MAT_HIGH_EXPLOSIVE_BURN

V/(kg+m™?) Py/GPa A B R, R, (3 E,

1170

5.9 49.4 1.89 3.9 1.11 0.33 2.84

TE: py NPRVEE VMR Py R A B R, R, o M B AS R E, ARG LN RE.

Note :p, is material density; V is detonation velocity; P, is detonation pressure;A B R, \R, .w are all equation of state parame-

ters; E, is initial specific internal energy.
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Table 6 Constitutive models and parameter selection for stemming material
1 EHE A Constitutive models SHHUE Parameter selection
py/(kg-m™) G,/MPa A, A, A, E, E, E, E, K
1800 16 3.3x10° 1.31x10*1.232x10° 0 0.05 0.09 0.11 0.15
T ps AMRVERE G, WO UIRLRE A A, A, ) E, \Es \E, Es IR ASEL

Note :p, is material density; G, is shear modulus;A, A, A, \E, \E, \E; \E, \Es are all equation of state parameters.

* MAT_SOIL_AND_FOAM

RT ZEMBERRSHIER

Table 7 Constitutive models and parameter selection for air material

FEHE I Constitutive models ZHUHUE Parameter selection
p/(ke-m?) C € € ¢ € € G E, v,
* MAT_NULL
1.293 0 0 0 0 04 04 0 2.533x10° 1

TE: py ARG, (C, \C, Gy \Cy (Cs (Co MRV ASHL Es IHIIRINEE; Vo IHIIRARXT AR
Note :p, is material density;C, .C, .C, .C; .C, .Cs .C4 are all equation of state parameters ; E is initial specific internal en-

ergy; V, is initial relative volume.
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Table 8 Volume percentage distribution of rock fragments by size fraction in the test area muck pile
RiA2 X ]
Distribution of rock ~ <4.75 4.75~9.5 9.5~16 16 ~19 19~31.531.5~37.537.5~53 53~75 75~100

fragments/mm

/% 9.83 3.55 3.26 1.94 5.15 2.89 4.76 6.09 5.62

LA X [A]
Distribution of rock 100 ~200 200 ~300 300 ~400 400 ~500 500 ~600 600 ~700 700 ~800 =800

fragments/mm

it/ % 14.40 11.94 9.67 7.65 4.80 2.78 1.64 4.03
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Table 9 Statistics of damage test results for different decoupled charging configurations

P, S 0.956<D<1 0.18 <D <0.63 0 <D<0.088
A “%’“T@ Hke B <4.75 mm >200 mm H. <600 mm =800 mm
Decoupled charging Total blasting - - -
configurations volume/m’ B i b W i b i ri b
Volume/m’ Proportion/% Volume/m’ Proportion/% Volume/m’ Proportion/%
P2 A
_BARRE 113 61 5.45 540 48.54 129 11.62
Radially decoupled charge
i N A
1113 6 6.21 521 46.7 107 .64
Axial decoupled charge o ? ?
Ak PN
. /J\,Eﬁl:ﬁﬁz:%%n 1113 78 7.05 561 50.39 76 6.79
Small-diameter column charge
® 10 AE/MNERHASKERERGRITER
Table 10 Statistics of damage test metrics for small-diameter charge of varying lengths
" e 0.956<D <1 0<D=<0.088
R AR
MRS AT e oo o
Length of small- Total blasting - -
diameter charge/m volume/m> R it LN kb
Volume/m’  Proportion/%  Volume/m®  Proportion/%
0.5 1113 86 7.73 65 5.84
1.0 1113 83 7.46 62 5.57
1.5 1113 75 6.74 61 5.48
2.0 1113 69 6.20 57 5.12
2.5 1113 71 6.38 63 5.66

3.0 1113 73 6.56 66 5.93
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Fig. 8 Contour maps of rock damage distribution for small-diameter charge of varying lengths
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Table 11 Statistics of damage test metrics for varying numbers of small-diameter charge

. o kg 0.956<D<1 0<D=<0.088

Skl SREABL <4.75 mm =800 mm

Charging Total blasting - -

configurations volume/m’ (32 it TR e
Volume/m®  Proportion/%  Volume/m®  Proportion/%

—B/NH 44224549 ( Single charge ) 1113 69 6.19 57 5.13
Wi B /NE A2 24543 (Two charges ) 1113 62 5.57 70 6.32
=B/NEAL 254 (Three charges) 1113 57 5.10 103 9.27
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Fg. 10 Schematic diagrams of charging configurations with varying numbers of small-diameter cartridge (unit:m)
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Fig. 11 Contour map series of rock damage distribution for varying numbers of small-diameter charge
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Fig. 12 Variation plot of rock fragment size distribution

with numbers of small-diameter charge
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Table 12 Field blasting test program
S 2 Ay Ly /NEAR 2540 R BRI i
I o ORI ORAEKE  CRGRE RGRE RGKE
Test number o & t'g Coupled charge Small-diameter ~ Upper charge  Bottom charge  Middle charge
configurations
g length/m charge length/m length/m length/m length/m
L2,
#1 %184 TR -
Continuous 12.00 - - -
#1 Control group .
column charging
. —B 2.0 m /NEFE
0 sl E)fn NEARZ
Single 2.0 m small- 10.00 2.00 3.00 7.00 -
#2 Test group -
diameter charge
. —B 2.5 m/NHEZH
T L el
Single 2.5 m small- 9.50 2.50 2.85 6.65 -
#3 Test group -
diameter charge
2.0 m/NERRH
w4 R M m /NEARZ
Two 2.0 m small- 8.00 4.00 2.00 3.00 3.00
#4 Test group .
diameter charges
T 3 ] o= T 520 ] u=
Stemming Stemming Stemming Stemming
v v v
< < - <
o Y245
FEZ3 Explosive
Y T Ef:lé:iilve ln__ dE_xlpslgsive T d =1l’59 mm
- d=150mm = =150 mm N ES Air
. N . RS 2
1 T Air = T Air o Small-diameter
125 /N3 Small- e |~ column explosive
Explosive a diamet':: : /Small—dimLeter T —
4=150mm 1 column 1 colummn explosiv K256
ﬁ explosive d=75 mm 21:15005“’3
d=75 mm Tt s <
X %5 Ai B, I
252 - - « /J@g?@‘3 ﬂfﬁfﬂlﬁ
©~ Explosive o Explosive A Small A transmitting
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d=75 mm
Nl YEZ57
Explosive
Y X Y Y =150 mm
#1 XA #2 I 4 #3 I #4 B4
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K13 ARHAS 2 2 4540 7R B (FAL e m)

Fig. 13 Schematic diagrams of charging configurations for different test groups(unit:m)
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Table 13  Statistics of blast pile fragmentation metrics from field blasting tests
#1 XfHRZ #2 A #3 {54 #4154
Pz R #1 Control group) #2 Test group #3 Test group #4 Test group
Pragment e 20w NRSE  B2s mNHESE R0 m
Continuous Single 2.0 m small- Single 2.5 m small- Two 2.0 m small-
column charging/% diameter charge/% diameter charge/% diameter charges/%
=800 4.50 4.54 4.85 5.27
700 ~ 800 4.08 2.82 3.26 1.89
600 ~700 6.03 4.23 2.83 3.27
500 ~ 600 8.34 7.27 4.08 4.35
400 ~500 11.69 11.24 8.59 5.54
300 ~400 14.43 12.07 14. 82 8.78
200 ~300 13.31 14.97 14.82 17.73
100 ~200 9.55 15.07 15.50 12.98
75 ~100 4.05 4.89 5.53 6.55
53 ~75 3.96 4.83 5.52 6.75
37 ~53 3.13 3.91 4.62 5.62
31 ~37 1.32 1.59 1.94 2.34
19 ~31 2.07 3.53 2.39 5.30
16 ~19 0.82 0.99 1.25 3.64
9.5~16 2.00 2.37 3.11 4.05
4.75~9.5 1.77 2.09 2.87 3.52
<4.75 8.95 3.59 4.02 2.42
5 @ JEAR AR AR B, (AT LI 2o 48 v/ B A 24 6

(1) £ ANSYS/LS-DYNA #R {4ty g 3L T3 5
SN )R B 5 B R 47 DG R AR, 0L R
Y SRR 5 43 A i 2R, IR B S A
Pt Z A AEAR BOR B R, B (<4.75 mm) Fl
KHe (=800 mm) % D 43514 0.956 F10. 088,

(2) A gt Bl 3 L — 2 2B 1R & B s o B
BRI AR RT3 G5 R R RS ROk 2
B, /INF AR 20 24 7 O AR e TR B Py 4 T AR TR 5 oy
W RN R B3R B LA /N AR 24 60 K J3E 1 3 im0 22 2R
JE/NE R AR A, I B Y N R AR
2 m B AR AT AR B3R B A N B AR 2
ALAHIORT DA SRR W i 2R () i — 2D R, fH > 24
WA 3 AN S RECRECR I B BT

(3) B4 111 B A %% 24 25 #g 4y ) R o ol — B
2.0 m /NHARZ M, —BE 2.5 m N AR AL B
2.0 m /NEAR 0% A S5 IT T SR B MR i
SRR NERAURK RS 2 m J5 RSN

ANBORSZIL, R PIBE 2.0 m /N LR 200,55 25 25 4
IR AR T 6. 53 D140, HoHe g A
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