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Block Size Control of Rock Bench Blasting in Xiwan Open-Pit Coal Mine
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[ABSTRACT] In order to improve the blasting effect of rock bench in Xiwan Open-Pit Coal Mine, the explosiveness of
different types of rocks was defined based on the theory of rock blasting action. LS-DYNA numerical simulation software was
used to construct FEM dense hole arrangement model and FEM-SPH buffer model, and the optimal dense hole arrangement
length and buffer thickness were obtained. Particle swarm optimization (PSO) was used to optimize the rock edge recogni-
tion threshold of Canny recognition algorithm, and a PSO-Canny explosion pile size recognition model was constructed. The
on-site usage plan was used as the control group, and the recognition effect was compared with Split-Desktop 4. 0 blasting
block size analysis software. The results indicate that the top mudstone belongs to low wave impedance rocks and undergoes
plastic failure under the action of explosive gas, while the bottom sandstone belongs to medium impedance rocks, which un-
dergo quasi brittle failure under the combined action of stress waves and explosive gases. Based on numerical simulation re-
sults, the improved blasting technology scheme was determined to be a 4 m dense hole arrangement scheme and an 8.5 m
buffer scheme. According to the rock blasting test in Xiwan Open-Pit Coal Mine, the block rates for each scheme were de-
termined to be 3.50% , 3.10% , and 2.85% , respectively. After adopting 4 m dense hole arrangement and 8.5 m buffer
schemes, the rock blasting fragmentation rate decreased by 0.40% and 0. 65% , respectively. By comparing the results
with the Split-Desktop 4.0 block size analysis software, it was found that the recognition errors of the three schemes were
6% , 3% , and 2% , respectively.

[ KEYWORDS] open-pit deep-hole blasting; blasting control; dense hole arrangement; buffer blasting; blast pile frag-

ments recognition; PSO-Canny model
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Tab. 1

Test results of compressive strength and

tensile strength of rocks

MPa
plFZy Yk S SaE Yir S
bOE3 Liyics JEBR CiiY53 N
24.10 0.88
WA 20.80 22.10 1.14 0.92
21.40 0.73
14.00 1.71
s 15.90 15.83 1.10 1.32
17.60 1.14
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Tab.2 Test results of density and longitudinal wave

velocity of rocks

. . s \/i}Q M

WA B TR g K

ME (keem™) (kg-m™) (m-s™") b/
g g (I’I’I‘S_])
2517 2149

FrFes 2 480 2 500 2177 2 170
2 503 2184
2 006 1923

b 1975 2 000 1951 1 940
2019 1 946

W RHF 4308 5.43 x 10° | 3.88 x 10° g/cm3 cm/s,

BE T 85 R HB I Y A A I BE BT g S
WO T R T AR BB A A, SRR
PR 7 A SRR TSR b T Hh s BHLAT
AT, I R A AR TR T A e
WA,

3 BB R AR AR

3.1 MMEMFLITRA A AR

TEATE M2 FLAE W 20T, J5 HEM ALY I
I EH TR 5 B O, £ B3 TOUTE (8 TR IR FT A R
J&TFE A i, a0 2 (a) s BLBDE in s fL o
], 55 B3 T T 79 B2 5 7 3 38 A FH IR I 7 /ML
LIRS 56, gl 2.(b) BiR )

(a) FEEHE

(QENSA=E:T]

1= JAL;2 - ABERL ;3 - FriidnIx
4 — FUB 155 - F 1A i 6 - 9I0E A R,
B2 PR AR

Fig.2 Schematic diagram of tensile failure of stress waves
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Fig.3 Schematic diagram of reflection affecting blasting of stress waves
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Fig.4 Schematic diagram of the outcome of buffer blasting
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Tab.3 Material parameters of rocks

b=2in po/ (kg + m ) S/GPa F /MPa F./MPa N E.
WA 2 500 7.52 22.10 0.92 0.61 3.0 x10%
e 2 000 6.70 15.83 1.32 0.61 3.0 x10%
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Tab.4 Material parameters and state equation parameters of the air

p,/ (kg - m_3) o C| G,

Gy ¢, Gs Cs E,

1.29 0 0 0

0 0.4 0.4 0 0.25
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Tab.5 Material parameters and state equation parameters of the explosive

p,/ (kg - m™) D./(m-s™")

P/ GPa A

B R, R, ® E,

1200 4 500 2.43

3.73x11" 3,74 x11° 4.15 0.9 0.35




. 60 - WA

) 5554 B4 6 )

SR s p, WIELIEE I Dy N 20 S5 I R
Py MIELHRIE

T LA B ek bt %o 1 i 51 VR AL
AR, H, S H 3 miE, 51 m —MRRE, &
Ter R 7 m 1Y S s FLK KPR
MR BAERURT STy W VA fin 2 FL AL 1 10 g
T SRR AR i FLALBE I A R b B R I AR
BT AB.C3 A, WS EIFE R E N 3 m, PARIE
W28 J (R A Sy, AR W o5 A R B AN A 9 T
IR R SN 10 ~ K] 14 s, BRLRE
S IEEE R 15 s,

t & 15 AT A5 S A B Ab R Sy AR R EAE S
MPa K5 I € A 7 g B % LA B2 Ay 388 Jin 22 30
RPEHEI 5B E NREE  WEE N 77 54 MPa, 7E

L

A
(b) AL E

Fig.9 Layout of measurement points in the model (Unit: m)

(a) B2

(a) 0.003 s (b) 0.010 s

A
0_0.10.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
e |

BI10 3 m A fLAs i ==
Fig. 10 Damage cloud map with the dense hole length of 3 m

(a) 0.003 s (b) 0. 010 sﬁif‘l&

AL
0 0.10.203 0.4 0.50.6 0.7 0.8 0.9 1.0
I 000 Em

BT 4 m oA fLAR 4 = 1
Fig. 11 Damage cloud map with the dense hole length of 4 m

(a) 0.003 s (b) 0.010

BR A
0 0.10.20.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
T 0909090 .

BI12 5 m oA fLa g = 1
Fig. 12 Damage cloud map mith the dense hole length of 5 m

(b) 0.010 s]ﬁ

(a) 0.003 s

ARG
0 0.1 020304 050.6 0.7 0.8 09 1.0
I 0 .

BI13 6 m g fifLst 05 = 14l
Fig. 13 Damage cloud map with the dense hole length of 6 m

(a) 0.003 s ) .010 STRER

BRI
0 0.10.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
I

K14 7 m A AL 2z 14
Fig. 14 Damage cloud map with the dense hole length of 7 m

ool ég
=
o S Wi
50t o 2 % =
o2 R 529 B
45+ 634 K <3 g
S 40+ o 3 B
B3 3 53
35F o 3 =
o2 R B
R30F B = 5
2 s £
>
0 B S &
S ;
15+ = 5 =
= = 53
0 B 3] 53
3 53 £
Hi=Z: = =

I LA B /m

SRR PIRARIEEE S

Fig. 15 Monitoring results of stress



2025 4F 12 A

W5 I £ BT R B R TF G 2 % 61 -

AL RE 4 m WA E], BB ALKIE N 4 m
1 I I W 3 bkl o N 1 A S S A
B A VR FH R, X 25 A B AR e i I8 1 P Ak 3k
Wk B R, L, RH 4 m BN EAEINELE
WK,

& 16 A[ 45, 7E 0. 003 s B} %], FEM-SPH % %!
Hr FEM P4 &8 ) I ) A% 5 22 31T, I 347 R IfT .
—HBA I F1 L% 2 SPH KT, 78 R i T00R i A /)N 1l
T, Rk TR E . 7E 0.006 s B Z],
FEM 48 PN 55508 Ok B RN, ki SPH KL T
LT R IR ; L BR SPH R, MR &
B 30k T 45 405, s BT R e AR B SR A IR, AR T
FEM RAYT 5, 65 B0l T4 4 A 58 R A

() 0.010 sHFZI

(a) 0.003 s AT

AR

0 010203040506 0.7 08 0.9 1.0
[ SEmmees ==

K16 e -FRE R SO = 1A
Fig. 16  Cloud diagram of dense hole-buffer

coupling damage effect

FRE IR 7 B BB B RROR | i 2 o & B0
AR A A S BB AR R 4 m AL
ZH8.5 m Bl &,

5 PSO-Canny /ERRE iR 5T

PSOWI I A — REBEALRL 71 4 BEDLAR , 98 )5 1l
i 1 SRR T B AT IR 7S A R R e A

it o L d AR RSP A5 § AR B AL R
B, 53008 X, = (X, Xin, o X0 0) o, = (v;1,:,,
o y) o PEREAREE AR D BEAURL 1l 3B R 1A
SRR PLP, = (P, P, P ) 1 X
HASMRE BT 2 R LR P, R E

(AR LSS IA R (/AW U SR

v, (0 +1) =wv, (t) +er[p;—x,;(1) ] +

Czrz[Pg,j_xi,j(t)]; (6)

X j(e+1) =X, (1) +v, (e +1),j=1,2,-.d,
o w MR | SR T Gtk 3 val iy s i il
TR 2R B8 ) SE 4, TR DLt B 18 2R SRS 4
¢y vy A2 R T R TR R A 1 22 A
W, RV R 1 A SR BR R R Ry BT R BE T, 1K
0.5;r, .r, N0 B 1 ZIEIE) 5347 I BENLEL e o
kA,

Canny JZAG I & — g ) V2 A1 FH 9 %6 G 1AL
L FERR A B K B A ER R =
P fe 2 BRE TS 355, fE ] Sobel 5111586 2 5 4K
S, 7 AR AR 30 4 4 Ak 2% B J 3 ek B0 1L
o e 2 11 %%

RSB BUEVE Bl A€ T Canny 3 ZE KGN 57
AR BE , (EE  SHOBUEYS DT B B L , R
A A O A I I S 3], 32 BN BRI AR
P, 51 PSO 85X {8 14 S A MV L, ) ]
processImage PRECAL BRI 4E B 45 RS T A AE
total Areas PRECH , JETTHE B Canny 31 2% K6 I 58 15 1)
PUIER BE

AR SR KRR T A T TP (DB B A B
S IBURME X U A 0 58 50 B0l AT JR I R He AR
o PSO-Canny BERSPUINAFR M 17 Fr7m

A - - -~ - -~~~ === 1'
: |
| N :
! WAL S rrpEE| | wrEsi|, B ﬁ?ﬁﬁ&ﬁj
Lot ey ORRAH EEh || WH || REEER || RENEES | |
| |
Y |
. ——[wumEw———
e e R
‘ - BRI B
RRRHRE [ BRREART ! T
| mrs H BEgEnE Canny kil

FERE LS | BHRR

[macEms 22 wmsimim

|
|
|
: A
|
|
[

|
|
|
|
|
processImage |
|
|
|
|

B 17 PSO-Canny #3EER L 1 A2

Fig. 17  Process diagram of PSO-Canny explosion fragmentation recognition



£ 62 - T I )

%54 B 6 M

FIH PSO-Canny #5516 7 J 3 He i RUSF, DA
e A4 IAE RS YY) il R 623.7 em® 7EAA]
PRHEPIRE T AR R A n B e AR R
RO . FORME IR LR IR, A4 40N R 188 B
HCE , AR S8 A Rl — K8 R HE i 44 e
B ITE— I B, 9 — BB IR R R 5
O], LAYt/ DR AR o S A48 R B8 48 A B 4%
Xof PEMGAR T FC 4 52 ), 3 2 ) 0 B A M 2 ke
ROT AR BT SEPE . 2% 07 R ME SR s & iy IR 5
FEHITE 2 ~ 3 m; BRI BT, i 22 R 0. 28 ~
0.32 pix/mm, PSO-Canny 515 51 45 4014 18 ~
Kl 20171

18  PSO-Canny J5 7 2R HI45 5
Fig. 18  Recognition results of original scheme by PSO-Canny

(@) B SRIATERE  (b) HBAKHMIEE (o) & F R
19 PSO-Canny I A L 77 2200 45 5%

Fig. 19 Recognition results of dense hole

scheme by PSO-Canny

& S [ . i N
O BRBURERE () BRI (o) AT RRIN
20 PSO-Canny JEi# )7 ZULHI4E
Fig.20  Recognition results of buffer scheme by PSO-Canny
A8 DY B KA BT A0 K o v )
feid 150 em BYA A RBCE A1, Geit A5 2R dE
AR BRI 21 iR

357 | 3:50 3.10
2.85

E2b A AL Jies
TR

21 PSO-Canny R GI AYHRRE A He R

Fig.21 Blasting block identification rate of PSO-Canny model

6 REREIRFRRS

Split-Desktop 4.0 J2&— 2 H 2 1k 5 HE He f 1
ST, 2 KT TR RERE R R b 3R 15 5
HEHUEE R, AT AR s S
22 i, 22 v FESRIC P SR
S, GEit e A A RN 23

@BHHE (o) MELHLYE

[#] 22 Split-Desktop 4. 0 R 745 5
Fig.22  Explosion identification results of Split-

Desktop 4.0
35 33 32
3.0 2.7
<25
5 2.0
B s
1.0
0.5
“mm  mEmn e
HR

€ 23 Split-Desktop 4.0 PR AR KR
Fig.23  Blasting block identification rate of
Split-Desktop 4.0

PSO-Canny Bi% 5 Split-Desktop 4. 0 5 ke 5
STV BN ES R LN 24 B
u Split-Desktop 4.0

B PSO-Canny
2.70

330
35 3.203 1

3.0

X 25
3 20
z15
1.0
0.5

0

e/

b7 InEEARL JE i
TR

P24 JRHESUNSE RARZEXT L
Fig.24  Comparison of error in explosion identification

results

& 24 145, PSO-Canny #8A% H BE JRU A L 5
Split-Desktop 4. 0 34U 25 R A — 5, X T bl
PLZEIR 3 YRR BB B0, W25 ) Rl % 22



2025 412 H P RIEH A0 3 [ R A B H) 2 T 2

AR % £ 63 -

DHIR 6% . 3% . 2% AL T ]2y B U 4
RILAREG I H PSO-Canny FHITH 51340 R B & o 5

7 % i&

1) BT 74 7 i KA AR 2 Bs A 6 BB
JEH A 1) R, 7R SO AL S E B il T 4 i 1
TIER B 42 Tl ) it 0 3 e A (B A 4
WiE 4 m NERAAEMBEAAALKE 8.5 m MRk
JRRE, ZBRAKREUE 4 m HEAAFLTE58.5m
Fi i J7 SAd IS A A0 R I3 A 10, 40% 5
0.65% , i )5 R BCE R SCR AL T 4 m fin%% i £L
WIE

2) FIH PSO 4L T Canny 1 ) B U
B, FIEE T PSO-Canny 8 KA FR AR YU B AY
DL A4 AR HE TR AR S8 0 4 TR AR M KR B
PR SR MR B 37 55 A7 400 70 v DU fe 5 4% O 8
JEIRER PSO-Canny 5 Split-Desktop 4. 0 3k
FE ST ERAF A5 SR AT X EE 75 30 & T R TR R 22
53R 6% 3% | 2% .

2 % X #

[1] MENG N, BAI J, CHEN Y, et al. Damage evolution
mechanisms of rock induced by blasting with the aid of
empty-hole effect [ J]. Energies, 2020,13(3) : 756.

[2] CHEN QY, LI HB, XIA X, et al. Research and appli-
cation of empty hole effect under blasting loading [ J].
Journal of China Coal Society, 2016,41 (11). 2749-
2755.

(3] W—Ah, VS, SRR, . SRR A A

FRRAY TR L A B AIEFE [T ], 07 LT
FEIFE, 2023, 43(7) : 116-122.
XIE EW, SUNDZ, GUOJ Q, et al. Numerical simula-
tion study on the influence law of empty hole diameter on
blasting crack propagation in deep rock [ J]. Mining
Research and Development, 2023, 43(7) . 116-122.

(4] Rhi, BIis, W50, 5. SR RS R

TR NRGE D). A e )E TR, 2023, 13(11):
82-88, 125.
LIANG R, WANG B B, ZHOU W H, et al. Study on the
mechanical behavior of empty holes on blasting crack
propagation [ J]. Nonferrous Metals, 2023, 13(11) ; 82-
88, 125.

(5] BRmaTh, XV, FelEbs, 4. & il £L 0 4% 24 HE 4
WS BN R Z BT E [ T]. e 5T &
2023, 43 (12): 29-33.

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

CHEN X S, LIU Z G, QIAO G D, et al. Numerical si-
mulation on blasting anti-reflection of soft coal seam with
control hole and slit seam column [ J]. Mining Research
and Development, 2023, 43 (12) . 29-33.
FEERZE, BIOUN, HE2T5, A5 LT A fLSON Y A
AR T R PRI (D] MR, 2023, 40(2) -
53-60.
JIY H, LI W J, KANG L F, et al. Research on mecha-
nical characteristics of rigid rock spallation and fracturing
rock based on empty hole effect [ J]. Blasting, 2023, 40
(2):53-60.
BEAEAE ) BEIERH. 82 K0T LLARAL 5 B e v g i 2 iR
EBFFE[J]. BIR TR, 2023, 43(4) ; 44-47.
CUI N S, LOU X M. Optimization of buffer blasting
parameters for deep-hole bench blasting in open-pit mine
[J]. Mining and Metallurgical Engineering, 2023, 43
(4):44-47.
TRWT, EBE, BUKKE, % BR R G0 R AL
PRBEUERAU S A S [T]. TR, 2023,
29(2) . 87-94.
WANG J X, WANG P, HUANG Y H, et al. Research
on numerical simulation and production test of blasting
displacement controlled of ore body in open-pit gold mine
[J]. Engineering Blasting, 2023, 29(2) ; 87-94.
Wk, XIETe, w8, 5. ZHMLRIX PRl ki 5
BEXTHA R RCR I R [ )], MR, 2022, 39
(4).8591.
XIE F, LIU Y L, CHANG J, et al. Study on influence of
buffer thickness in large block blasting with multiple rows
of holes on loading efficiency of rope shovel [J]. Blas-
ting, 2022, 39(4) . 8591.
OUCHTERLONY F, SANCHIDRIAN J A. A review of
development of better prediction equations for blast frag-

mentation [ J]. Journal of Rock Mechanics and Geo-

technical Engineering, 2019, 11(5) : 1094-1109.
CUNNINGHAM C V B. The Kuz-Ram fragmentation
model; 20 years on [ C] // Brighton conference Pro-
ceedings. European Federation of Explosives Engineers,
2005 ; 201-210.

OUCHTERLONY F, SANCHIDRIAN J A, MOSER P.
Percentile fragment size predictions for blasted rock and
the fragmentation-energy fan[ J]. Rock Mechanics and
Rock Engineering, 2017, 50(4) . 751-779.
YAGHOOBI H, MANSOURI H, FARSANGI M A E, et
al. Determining the fragmented rock size distribution
using textural feature extraction of images [ J]. Powder
Technology, 2019, 342 630-641.

WRARMT, 2525, RITAL, 45, T URBE S ) RN 0T 45k
SR R R BME DR UN T [T ], kb



.64 -

T

)

%54 B 6 M

[15]

[16]

[17]

[18]

[19]

#iz, 2025, 10(1); 151-162.

CHEN C Z, LI H, ZHU W C, et al. Blast pile frag-
ments recognition algorithm for open pit mines based on
deep learning and nap-of-the-object photogrammetry
[J]. Journal of Mining Science and Technology, 2025,
10(1): 151-162.

Y, FEN, BEE, % BT E Canny-Ostu
SRR BRI ()], AEE)E (s s)
2024, 76(3) : 50-55.

XUHZ, LIXY, YANYT, et al. Blasting fragmenta-
tion recognition based on optimized Canny-Ostu algo-
rithm [J]. Nonferrous Metals ( Mining Section) , 2024 ,
76(3) . 50-55.

XIRA, BRGET. JE T TR ST A B e B2 43 A
Geit[1]. BT S TR, 2024, 44(1) ; 190-196.
LIU J] W, CHEN X Q. Statistics of blasting fragmenta-
tion distribution based on computer vision [ J]. Mining
Research and Development, 2024, 44(1) : 190-196.
WARVE, BN, M, A5 B AE NI E YR
JE ST oA N B TR A TS 0], KR, 2024, 41(1) -
27-36, 50.

XU ZY, HUANB Q, LI P F, et al. Study on measure-
ment method of fragment spatial distribution by adaptive
stratification of blasting pile [ J]. Blasting, 2024, 41
(1):27-36, 50.

Wi . BRI e A i b 500 5 R X LU ST ]
TR, 2023, 29(4) : 78-86.

CHEN Q J. Comparative study on prediction methods of
blasting debris in tunnelrock mass [ J ].
Blasting, 2023, 29(4) . 78-86.

HEfh4x, BEWENS, Mbk, 4F. BT ACE + CLAHE 8
TR RS AR R T[] AR, 2022,
53(11): 125-129.

JIF Q, LIANG X T, YANG L, et al. Image analysis on
tunnel blasting fragments based on ACE and CLAHE
algorithm [ J]. Yangtze River, 2022, 53 (11). 125-
129.

Engineering

[20]

(21]

(22]

(23]

(24]

[25]

WREK, Mafhd, R, S5 T XU TRR B 1 1% 1
PRGBS (1], TREERE, 2020, 26 (2):
57-64.

CHEN R, YANG S J, ZHU Z H, et al. Research on
image recognition of blasting block based on double
threshold [ J]. Engineering Blasting, 2020, 26 (2):
57-64.

TUNME RSO, R, S BET LR G IRAL 2 B Y
Fa KB AR AT R U [T ], BERBE R,
2019, 47(10) : 96-101.

DING X H, YUAN W ], XIE Z, et al. Classification
and identification of rock blastability in open-pit mine
based on comprehensive weighted cloud model [ J].
Coal Science and Technology, 2019, 47(10) : 96-101.
VAR, Bk, EH, A AR ERE LA 2L
PREAT R LA RSB W SE ()], R Rk,
2017, 42(10) . 2498-2503.

YANG R S, CHEN C, WANG X, et al. Experimental
investigation on the influence of different diameter empty
holes on the crack growth behavior of blasting [ J].
Journal of China Coal Society, 2017, 42 (10) . 2498-
2503.

VARSE, BRI, . AROTHTE AR 2
BEPMIM. 2 0. dEsT: HUAR Tl i, 2022.
FEYR. ST TN FRL T BEE AL Canny B3 (1 &
BATE[D]. RIK: ALK, 2013.

YAN W. Image processing based on lifting wavelet and
Canny algorithm of PSO [ D]. Daqing; Northeast Petro-
leum University, 2013.

hER, BOCLL. —Fh AL T A5 R Ay elotbk T HEOG
WEEL)]. ARSERE T2 Be oAl 2025, 32(1) : 41-
47.

MA Y, WEI W H. An improved particle swarm optimi-
zation algorithm based on simplified equations [ J].
Journal of Dongguan University of Technology, 2025, 32
(1):4147.



