EA2E HE2m ok Vol.42 No.2
2025 46 A BLASTING Jun. 2025

doi;10.3963/j. issn. 1001 —487X. 2025.02. 009

EMEBEREPRIBEE
EBNTREES HREFR
$E.8 K A%F KT

(LRI DRER G IR AT 112 AT R B TR AT 52002, TEFH 110819 2. AN MR EL P28 w], B 5 033504
3B USRI L BB A R B BT LR IR AT A28 W)L T U L 021400)

B E: AERF RO EZETHR, SHBRAE B AT 77 2R R —BuH 1 A5 K2 L KR T R A 4
7 X, BITIENSH S A MBI, F R A 3DEC A4 & a2 B 7 T S Eam P A
B RIBASIRT BRI A, FREREN  ERBEEP B S E R ZA B AL EA T LERE
THEegE A, LP, Bl bR E AR S @B SR AR, SR —E HE Gk EH G THIT
), ML TR S £ DR wiEs G Tkt , A S GBS FE. RS TR EN Bk
FRBAER T EREZ P ZRA AL, ALK AR RGO SO ERBZATX A 1 ~ VI3 6 A=
AR ENIRRZGHEERO~A0m A5 X5 H AB.C.DAANRK, HIBEIMLERTALIA,
ERBAREOM~10m) ¥V EAR LR X5 41.7% , ERHBORELL ~20m) ¥ B £ | ~VEKE
AR A T MAERKCORE21 ~30m) PEZALERT ~ M2k, Bk F T 43.1%.37.5%.,
19.3% , IV E# 35T Bob Rt ERMERME R DORERE3I m~40 m) PRAAG | BHAR, ELG
% 95% o FFRARRALSE A 5L 0 BRI R A B IR b R S A ek A

KR SUHREL; MR HAEEIIL,; BRIEASIAE,; BRIES A

HRES%ES: TD235.3 XERFRIRAD: A XEHE: 1001 —487X(2025)02 —0073 —08

Study on Internal Rock Mass Movement Trajectory and
Muckpile Distribution during Bench Blasting
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Abstract; As a main mean of open-pit mining, bench blasting is still an irreplaceable production method at pres-
ent and even in the future. By deeply analyzing the measured data of bench blasting and using 3DEC software to sim-
ulate the bench blasting process, the internal rock mass movement trajectory and muckpile distribution during the
bench blasting process were revealed. The research results show that the monitoring points generally rose along the

vertical direction first and then fell during the blasting process. Among them,the movement of the monitoring points
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on the upper part of the monitoring hole were more obvious in the vertical direction, rising to a certain height and
then quickly moving vertically downward. While the monitoring points on the lower part of the monitoring hole mainly
moved forward in the horizontal direction,and the vertical direction movement is relatively weak. At the same time,in
order to study the spatial distribution of the muckpile,the bench in the research area were divided into six parts, as
[ ~ VI. Besides, the main part(0 ~40 m) of the muckpile was divided into four regions,as A,B,C and D. Accord-
ing to the simulation results,it can be found that the V rock mass accounts for the most in region A( muckpile 0 ~
10 m) , which is as high as 41.7%. The I ~ V rock mass distribution is relatively even in region B( muckpile 11 m
~20 m).The [ ~ Il rock mass accounts for 43. 1% ,37.5% and 19.3% ,respectively,and the [V rock mass ac-

counts for a very small part in region C( muckpile 21 ~30 m). It is basically composed of the | rock mass in region
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D(muckpile 31 ~40 m) at the forefront of the blast muckpile ,which accounts for 95%.
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Fig. 2 Schematic diagram of installation of signal

markers in monitoring holes( unit:m)
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Fig. 3 Tracks of signal markers in different holes
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Table 1 Signal marker movement data statistics

K EH g P/

fif%/m  fif/m AffEl/s  (m-s™')
s 1 27.5 5.4 3.4 8.0
WS 2 24.9 5.5 3.4 7.3
W3 18.0 1.5 3.2 5.6
s 4 23.8 5.5 3.2 7.4
W A5 19.1 2.8 3.2 5.9
WEm s 6 13.8 0.6 3.1 4.5
Wi 5, 7 15.9 3.5 3.1 5.1
Wi 5 8 18.2 1.8 2.8 6.5
W9 11.5 2.3 2.9 4.0
W 10 13.8 1.5 2.6 5.3
s 11 11,5 2.6 2.8 4.1
W 12 131 1.0 2.6 5.0
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Table 2 Mechanical parameters of bench rock mass
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Fig. 5 The position of bench rock mass changes at different time
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Fig. 6 Location distribution of monitoring points in numerical simulation
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Fig. 7 Numerical simulation of the monitoring point movement

A RN NN
s=<=2g22—~

K8 B Bra RIS 17 A

Fig. 8 Distribution of bench rock mass before and after blasting

)

B

(a) HIATEX IR A P 734 (b) HATEX I B ) 73 A

(a) Distribution of rock mass in region 4 (b) Distribution of rock mass in region B

(c) ERTEX IR C i 43T (d) & HAE X 38D H Y 437

(c) Distribution of rock mass in region C (d) Distribution of rock mass in region D

9 BHE R L
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SEE RN 9 A A DX AR HE rh 3 A1 9 DL LA R 5] ®3 AEREEEFRERER S
10 AT &5 B 4 FL ol LB AR X A FTIX 3, Table 3 Proportion of rock mass volume in different
B Pt RO 5 SR B o315 areas in muckpil
L7 vl S ~ 12 S5 2 e 1 DX ) 5 5 T I I m v v M Toal

XHE C NP T T ~ Mk, IV i 43 7]
ZMEAT s e AT X D rh 1A s TRk
95% , S5 7 H I AR 1 ~ 4 By R A B B — B
g5 bl BRI AT LA A R s R S e b o
fil§dl. W3,

17 282 624 1118 1814 494 4349
929 854 1155 1277 586 0 4801
1391 1208 621 5 0 0 3225
1074 56 0 0 0 0 1130

O O = =~




i)

BA2E M2 A RERTE

13 P A A P A R S A B SRR oy A R 5 79

50
. 41.7
£ 40
=
B 30
ﬁ I 25.7
=
= 20}
= 14.4
® 11.4
o 107 6.48
0.39 .
0
I I 1T v A% Al
(a) 4 XIRE B AR o3 7
(a) Rock mass distribution in region 4
50
L aop 37.5
R
i 30 F
41
=
2 20l 19.3
s
T 10
0.16 0 0
0
I 1T v A% Al
(c) CRIB A B &R A
(c) Rock mass distribution in region C
& 10

50 -
L 40 |
R
ﬁ 30
J'L‘E 241 26.6
R20F B4 75
ﬁ 12.2
3}@ 10
0 0
I I I} v Vv VI
(b) BIX I & WA ik oA
(b) Rock mass distribution in region B
100
L g0t
x
R
lm 60
41
=
X 40 -
s
3q 20
5
0 [ 0 0 0 0
I I v Vv
(d) DX IR A B A5 A

(d) Rock mass distribution in region D

I ~ VEAATLEXIR A B .C.D R 53 L

Fig. 10 Percentage of I ~ VI rock mass in region A B C and D

LR AR P A A ] D g — PR R
W BCAT T LKA ] it B B0 A 4% B — 5 e B AT
FEIC IR Z R B B LU AR 7= AR AR R A v A T
B AAT AR R 77 B8 U5 A 8O T R i L
LU A SRR TAE D TARSR S A
ARSCEET LR MR PRI R R 505 BB A S /Y
WIFFETT X 5 B PR A e R A A v 38 7% B
PEAT T 0T, I EL A AR 5 AR A B 1wl 7K
71 (A T 1)) 7 A B RS R 3 X 65 e
PRAERHE A ) DR ) 3 A A T T Bl gt it il
TR RIS R B B e AR AR SR HE v T b o7 B AT
SIHT, BEAS A LI B RE A 28 48 S A3 B G S 4 15 Al
PR -

5 #Hig

TEBLZINA A LAt L, A AT 3DEC 25 BT A (E
OIS 5 BT AR IEAT TR ALL , 45 3 W I
18 Bl K 5 o RS R B A S O, A
U258

(1) RARACR W A B B A UL AT AR Y
B REME PRI RGN 5 PR Box —d fe b N B A A

Mo s B HEAT 1 i

(2) ZRECT FFoR A i T v M PR 45 Tt At 19
BT AN R DX A R TR g A A .
e, MR DA, B BN E TR 2 RE AR
IR AR BILRS R K ST R AR LT R B TIE B, L
8147 9 11 5 W A5 R AR i L2 B
AFRE S R, WERBES R L& B 52 X
S AT KI5 1 0 D 2 5 BEA T HEARE JiCg 3 3 1A
TRy WP XU B P RS2 B 25 BE R A T
W, B AT K7 [ B 3l 2L i v AR T
ELI R HERL, X PR o AR RO il — e B AR

(3) HIE R 3DEC X & B bR B8R 7 T 40 {E A AL
MRS 5 B A BTt 0 2 sl e, HOA U EE 2R S
BIIREE AR A & UEW] T B BT H 7 ik
REAS A SR 5 BB T 0 o R4S T IF R
T R HE PN AR A5 B B A T S AN R] DX A
TERREIE R B o0 A RUAE, 87 1L A oS BT 7§ 3t
OB RE SR TIERC/n

2% 3Lk ( References)

(1] X4, 08 4 KA. D6 A Ra Z A0



80

1k

2025 £ 6 H

(1]

DB B B AR IR DTS [T ] w4 111,2022 (1)
136-141.

LIU Zhan-quan, WANG De-sheng, CUI Feng, et al. Exper-
imental study on blasting separation technology in complex
ore-rock mixed blasting zone in barun mine [ J ]. Metal
Mine ,2022(1) :136-141. (in Chinese)

Fr, BT, 2 e LA A AL S B
G [T ], R ,2022,39(4) .80-84,99.

WANG Jian-chao, LIANG Wei-long. Optimization experi-
ment of deep hole blasting parameters in laolongshan
limestone mine[ J ]. Blasting,2022,39(4) :80-84,99. (in
Chinese)

AW RGRE, RIR, 55 Gy Bl o B Be s i Js
FEBCRAT T2 Rt [J]. &)@ 111,2018(8) . 7-
12.

YU Xin,ZHOU Jia-xiang, SONG Wei-dong, et al. Mining
technology and blasting design of the staged open stope
mining with subsequent filling in sublevel drilling process
[J]. Metal Mine,2018(8) :7-12. (in Chinese)

ST IR, B R, A B T L O e R
THZIE RS H R AT (V] fiksh 5 v, 2022,
41(15) :90-98.

ZHANG Wan-zhi, XU Bang-shu, GE Yan-hui, et al. Blas-
ting excavation method and parametric tests for tunnel
arch crossing shale [ J ]. Vibration and Shock, 2022,
41(15) :90-98. (in Chinese)

TAYLOR S L. Blast induced movement and its effect on
grade dilution at the Coeur Rochester Mine[ D ]. Universi-
ty of Nevada,1995.

HARRIS G W, MOUSSET-JONES P, DAEMEN J. Blast
movement measurement to control dilution in surface
mines[ J]. Cim Bulletin,2001,94 .52-55.

ENGMANN E, AKO S, BISIAUX B, et al. Measurement
and modelling of blast movement to reduce ore losses and
dilution at Ahafo Gold Mine in Ghana[ J]. Ghana Mining,
2013(14) :27-36.

ESHUN P A, DZIGBORDI K A. Control of ore loss and
dilution at Anglo Gold Ashanti, Iduapriem Mine using
blast movement monitoring system [ J ]. Ghana Mining,
2016(16) :49-59.

Sk, T, A SR T R AT EOR 1 ER
KW B m s sh AR 1], & Jm e 1,
2022(4) .180-187.

WU Hao,JING Hong-di, YU Jian-yang,et al. Study on ore
and rock movement law in open pit blasting process based

on inertial navigation technology [ J ]. Metal Mine,

[12]

[13]

[13]

[14]

[15]

[16]

[16]

[17]

[18]

2022(4) :180-187. (in Chinese)
YU Z,SHI X,ZHOU ], et al. Prediction of blast-induced
rock movement during bench blasting: use of gray wolf
optimizer and support vector regression[ J]. Natural Re-
sources Research,2020(29) :843-865.
YU Z,SHI X,ZHOU ], et al. Machine-learning-aided de-
termination of post-blast ore boundary for controlling ore
loss and dilution [ J ]. Natural Resources Research,
2021(30) :4063-4078.
YU Z,SHI X,ZHOU ], et al. Feasibility of the indirect
determination of blast-induced rock movement based on
three new hybrid intelligent models[ J ]. Engineering with
Computers,2021(37) :991-1006.
KRAL = BUR, Z20 HE. DDA J7 175 13 B B i 7 A6t
s H (] & A 12 5 TR 2 iz, 2002,
21(S1) :2461-2464.
ZHU Chuan-yun,DAI Chen, JIANG Qing-hui. Numerical
simulation of bench blasting by discontinuous deforma-
tion analysis method[ J]. Rock Mechanics and Engineer-
ing[ J].2002,21(S1) :2461-2464. (in Chinese)
NING Y,YANG J,AN X, et al. Modelling rock fracturing
and blast-induced rock mass failure via advanced discre-
tisation within the discontinuous deformation analysis
framework[ J]. Computers and Geotechnics,2011 (38) ;
40-49.
NING Y,YANG J,MA G,et al. Modelling rock blasting
considering explosion gas penetration using discontinuous
deformation analysis[ J]. Rock Mechanics and Rock En-
gineering 2011 (44) .483-490.
JEIRESH ™ WS FBAIE 55 SRR I 1R R R R
B LA CHE R AR T ] 18,2014 ,31(3) :15-22.
ZHOU Wang-xiao, YAN Peng, ZHENG Bing-xu, et al.
Key problems in simulation of formation process of blas-
ting crater[ J ]. Blasting,2014,31 (3) :15-22. (in Chi-
nese )
YAN P,ZHOU W, LU W, et al. Simulation of bench
blasting considering fragmentation size distribution[ J].
International Journal of Tmpact Engineering,2016(90) ;
132-145.
VAR, X 58, FAREDH , 45 R B0 5 Bt i
HEIR SRR B O A [ ] M#,2018,35(2) :50-
55,100.
LENG Zhen-dong, LIU Liang, ZHOU Wang-xiao, et al.
Numerical investigation of initiation points on muckpile
profile in bench blasting[ J ]. Blasting,2018,35(2) :50-
55,100. (in Chinese)





