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Method and Field Experiment of Stope Blast Boundary
Control Based on 3D Laser Point Cloud

REN Shao-feng' ,WU Li-bo' ,WANG Da-long" ,LUO Xiong",
TAO Ming” ,LI Qi-yue’ ,LIU Kai® ,CHEN Zhong-qi’
(1. Guizhou Fulin Mining Co. ,LTD. ,Fuquan 550509 ,China;
2. School of Resources and Safety Engineering, Central South University , Changsha 410083 , China)

Abstract; Precise control of blasting-induced excavation boundaries in deep phosphate stopes presents signifi-
cant challenges under complex backfill constraints,with current overbreak/underbreak evaluation methods frequently
lacking quantitative rigor. Using the 875-level stope of Shaft No. 2 at Guizhou's Xingiao Phosphate Mine as a case
study , this research develops an advanced methodology for blasting boundary characterization and control that levera-
ges three-dimensional (3D) laser point cloud data analysis. High-precision post-blast point cloud data were collected

using a mobile laser scanning system,followed by the development of a comprehensive analytical framework incorpo-
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rating point cloud denoising, preprocessing, registration correction , surface reconstruction, and geometric discrepancy
analysis. This system allows quantitative evaluation of the spatial distribution of overbreak and underbreak , volumetric
deviation, and the degree of contour matching between the excavation boundary and the design profile. Utilizing point
cloud diagnostic results from representative stopes,the effects of blasting energy distribution and initiation sequence
on boundary formation were analyzed, subsequently developing a control strategy integrating zoned millisecond-delay
initiation with optimized blasthole layouts. Field trials at the 875-13# stope confirmed the method’s capability to pre-
cisely characterize post-blast boundary morphology and deviation characteristics, achieving over 90% contour mate-
hing accuracy for both A, and A, rows. Volumetric difference analysis of point cloud data provided a reliable quantita-
tive basis for assessing overbreak and underbreak and for guiding blasting parameter optimization. The developed
boundary control technique demonstrates consistent stability and robustness even under challenging conditions, inclu-
ding drilling deviations in the A; and A, rows. This methodology offers a quantitative, traceable technical solution for

precision blasting design and boundary control in deep mining stopes, delivering practical value by minimizing ore di-
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lution and enhancing stope extraction efficiency.
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uation ; blasthole pattern optimization
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stope UAYV laser point cloud scanning system
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Table 2 875-18# stope longitudinal section overbreak and underbreak calculation

WA FEEE PRI BOOBISE OBEZIA CPEIXAZME BORXKIZE KZmB Botm Sekrm i

Cross-section Section Average Maximum  Overbreak Average Maximum  Underbreak  Design Actual
type spacing/m overbreak/m overbreak/m  area/m’  underbreak/m underbreak/m> area/m>  area/m’  area/m’
5 0.93 3.26 24.28 1.13 3.35 29.43 391.5  386.35
]:Jf*ﬁ 10 2.63 7.16 68. 60 0.55 4.35 14.41 391.5  445.69
op
15 2.33 8.20 60. 89 0.88 1.96 22.96 391.5  429.43
s 5 / / / 1.24 2.00 18.61 391.5  372.89
Front and 10 4.11 13.87 61.70 0.30 1.34 4.51 391.5  448.69

rear 15 / / / 1.26 2.59 18.85 391.5 372.65
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T = YEROE A R RS R D5 1 R B g T 257
?ugﬁﬁiﬁhﬂ _S5m loh\ 15m 20m' -
Proposed Profile Profile Pwme Profile \ ﬂJ%ﬂ%%
backfill N Cutting drift
retaining wall | NB
R PG m]
Mining halt line Grooving direction
rb
Proposed [ ) N '@]%UE{Z%
badkfill ¥ Cutting drift
retaining wall —{ —15m Profile
i | — —— 10m Profile
| 5 m Profile
R A 77 18]
Mining haltline = ' Grooving direction

b) 2R3 ) TH A &

(b) Location of the mining area cross—section

3 875-18#R47 i 2 441 € el T o

Fig. 3 875-18# Mining area point cloud scan map and cross-section locations

875-18#R YN[l | I XT LL AN & 4 7w, 3 B4k
SRR, G\ im 77 1] BB IZ R B 13 i s 1] 20 St
W5 1 R A, THURRE 42 5 B W S y  Be  4 5i
HaF 5 m AR IZECY 0. 93 m, e KHHZ
1K 3.26 m, 1 10 m 55 15 m ] AP 24 42 {6 70501
WRZE 2.63 m 15 2.33 m, i KBHZHE— L9 KE
7.16 m 5 8.20 m, YR 1] b Bz AR S
SR BI VL B NEE R BE A TR = 1 B
SRR R RFIE RS T AR E TR FE R P IX

Jﬂ’ﬂl\,%ﬁﬁﬁﬂ@i%%%ﬁi@@ﬁ?ﬁ,,g?%%*
F5m 5 15 m T, KIS HE A HA ] 29. 43 m?
122,96 m?, & B 1 2 [X s AT B K G LD At B 24
AN JE BB 50 M 3 1 1T T BRI R i AR B A %
6 o R SRR 42 TR Y AR Ak AT E— 25 B IR LR R
25 m FI T A T 42 T AR /N Tiﬁ%iﬂﬁ 1M 10 m |
AT 425 T PR i 5 188 K, iR %) 445. 69 m®, e is i AR
FEH 54 m?, 2 2 ) o A R ) R 4 AR
X, 235 i TR fr 7 5 N Jr il i % o

217

2

1 (¢
-
g ! 43
)

ye
[}

)
!

335

!
[ A2

i NI gl-#

(a)5m Rl
(a) 5 m profile

ST

b) 10 m 31 1 (c)
(b) 10 m profile

)15 m i T
(c) 15 m profile

P4 875-184#F35 2 1) i % L ]

Fig. 4 875-18# stope longitudinal section comparison

875-18#R L [ ¢l I T L AN I&L S e s, A 1)
TET A4 A2 R AR 2 1) B O 5220, TOUAR A5 486 0 Y

JUAR i 22 52 B e BE AN KLU P 5 T TR 42 6 A
AR B R BB g 1 2SR AL A



258 Bk

2026 46 H

HrpS m fl | -FXEIZK 4,53 m, R KEIZH
6.30 m, BIZHE AR5 90. 67 m*, WR AHBZ A
F TR0 M A LA B 5 R o B B I A S [R5
DURAEA I 25510 m 5 15 m 51 1 R B0 AT A
FIrsisss , (EAT A7 B R DT 5 22 20 m T, ThiAR
FRIZHE T 2% A0 A2 T B 2 10. 61 m”, W]
WERERAE AR IR AN AL o AR I AZ 2 BUSC Hh
BLEIRFIE,S m 5 10 m 1 1 [ i A7 76 42 5 K2,

1M 15 m 5 20 m ) g W AR 4208 3, RS2 1 R I
HIAE] 30.60 m® F142.13 m*, PLAE NG g
PN (T S A T T 2 S R AR T 22
Pl R 1) 07 1) A9 S B o472 T BRI SR, HLE A
SR, S m HITE Y 390. 67 m* B4 TR
20 m I ¥ 289.39 m®, 3 — 2L UL B 1 30 5 RUE
52 Bl S AL RIS R B AL A4 52 ) B8 d 2% o

1
I !

565
63
228
341
386
7

125 084 104
E 9 8 7 &

1
0,58 L

5
4

g 3 195
1 13 2
1

N
AW & 9

14 -
' 10m profile
loni@ |

g 13 Smprofile
14 L -

5mif [l

i = ~ 1
| % 8! &l Sl 8' 2" E: Si
! o5 a) % & &
g i i ! 1
|
07 9 8 7 &
s 8 6 - =10 5
10 5
i i’ 32211 4
- 297
2654.2 3¢ ' - 12
13 23
“ ' 1o e O | R
s i 14 1
a2 = 3 I
g, & e
15m'proftle 120/ profile
15mE| T 20mf) i

(a) 5 m
(a) 5 m profile

(b) 10 m | 1
(b) 10 m profile

(c) 15 m ¥ 1
(c) 15 m profile

(d) 20 m ) TG
(d) 20 m profile

K5 875-18#R b7 ful i1 T X L 4]

Fig. 5 875-18# stope transverse section comparison

&3 8IS-18#RGEEFI EAIZNE

Table 3 875-18# stope transverse section excavation calculation

HEZEA W CPHEIEE ROOBIZH B

SERAEE BORXKIZE KAZER BT AR SLPRi AR

Cross-section Section Average Maximum  Overbreak Average Maximum  Underbreak  Design Actual
type spacing/m overbreak/m overbreak/m  area/m’  underbreak/m underbreak/m’ area/m’  area/m’ area/m’

5 4.53 6.30 90. 67 / / / 300 390.67

Ttk 10 2.43 3.86 48.59 / / / 300 348.59
Top 15 1.87 3.56 37.43 0.26 1.83 5.17 300 332.26
20 / / / 0.53 1.43 10. 61 300 289.39

) 5 0.56 1.41 8.34 1.46 1.25 21.92 300 286.42
s 10 0.46 1.04 6.85 0.66 1.95 9.96 300  296.89

Front and

rear 15 / / 2.04 2.65 30.60 300 330.69
20 / / 2.81 5.93 42.13 300 342.13
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Table 4 875-12# stope longitudinal section overbreak and underbreak calculation
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Cross-section Section Average Maximum  Overbreak Average Maximum  Underbreak Design Actual
type spacing/m overbreak/m overbreak/m  area/m>  underbreak/m underbreak/m® area/m’  area/m’ area/m’
5.56 10.4 319.8 / / / 905.6 1225.4
E;’fﬁ 10 6.95 11.61 393.2 / / / 905.6 1298.8

op
15 2.26 7.80 127.9 0.84 3.90 47.6 905.6 985.9
Wi 5 / / / 3.69 19.52 209.0 905.6 696. 6
Front and 10 2.48 14.83 140.3 905.6 765.3
rear 15 / / / 3.95 18.80 223.4 905.6 682.2
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FIEEA R PR ROORIZHE BIZEA CPEXZE RORRIEE KSR SO SR
Cross-section Section Average Maximum  Overbreak Average Maximum  Underbreak  Design Actual
type spacing/m overbreak/m overbreak/m  area/m’  underbreak/m underbreak/m’ area/m’  area/m’  area/m’
10 5.07 7.35 101.4 / / / 300 401.4
it 20 6.18 7.46 123.6 / / / 300 423.6
Top 30 12.59 11.51 251.7 / / / 300 551.7
40 9.80 11.61 196.0 / / 300 496.0
10 2.53 3.69 38.0 / / / 300 338.0
P
T 20 3.37 3.69 50.5 / / / 300 350.5
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