CXXE B ok Vol.43 No. 1
2026 43 A BLASTING Mar. 2026

doi:10.3963/j. issn. 1001 —487X.2026.01.013

BRARBEEEALT EESRYT GHIE
o 5 SR B S
BOEIRG ARG AEED A IHE TR

(L PEVTBH TR R AT FR 2> 7, Kt 030041)

i B BERRGALRABENT T ERBE LM ENETRT B FHMAREN TR ERFH
Fibe s, 30t R AL R T 8 K0 B AR, LA TR Y , RIS LR IL AL, K3 5 M UE £ R %
SRR ERIG, AR EESATEEMIEEF LR RLE ket @muiE, 4x4mesaisy
e H R G M) AR AR BRSNS T AR AE LR B RN SLIL AR B A LR L R B
PVCEROLERNAES P EFFTXNREARSGESZE ALRRAUI AT @A TRERBRE, A
WG AT B R, B RRY G R TRAUE 0 KR R RN IR SRR E,
Rih R BAIEEMER ,AHNTEREG T ARG RN L,

KEBIE: EMRAL BERT BME; R3eE, MEUE; RRE; HREY

RESES: TD235 SCHRERIRAD: A NEHE: 1001 -487X(2026)01 - 0123 - 07

Improvement of Blasting Performance for Honeycomb-structured
Copper-cobalt Oxide Ore in Open-pit Mines

DU Jun ,WANG Ming-wei ,ZHENG Jun-wet,JIN Hong-yang ,FENG Kai ,LIU Zeng-hui ,HA Shou-bin
(Shanxi Jiangyang Engineering Blasting Co. ,LTD. ,Taiyuan 030041, China)

Abstract:  Open-pit mining areas, particularly those containing copper-cobalt oxide ores, frequently feature hon-
eycomb-structured ore bodies with extensive geological discontinuities,including joints and cavities , creating substan-
tial difficulties during stripping operations. This phenomenon is especially pronounced during blasting operations,
manifesting as low borehole formation rates, elevated high boulder yield, inadequate fragmentation,and hard toe. All
of which significantly compromise subsequent excavation and loading efficiency while simultaneously introducing op-
erational safety risks. To optimize blasting effects in honeycomb-structured copper-cobalt oxide ores while maintaining
economic feasibility ,three key improvements were implemented: enhancing drilling success through reduced depth/
diameter, increasing charge height via anti-static PVC pipe confinement and cartridge hoisting, and parameter adjust-
ments to satisfy subsequent construction requirements. The results demonstrate that this approach substantially en-
hances post-blasting performance metrics, including boulder yield, hard toe occurrence,and fragmentation quality, ef-
fectively satisfying subsequent excavation and haulage requirements while optimizing stripping operations for the fol-
lowing mining cycle.
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Table 1 Statistical table of blasting parameter adjustment in the honeycomb ore structure
penetration area of Kamoya open-pit mining field

Ak e R AL fLIE HERE FLARKEZE SR L2t e R IMIERE
Bench Diameter/ Subdrill/ P&  Spacing/ Burden/ Emulsion specific Single hole  Charge Stemming

height/m mm m Depth/m m m charge/ (kg + m™) charge/kg height/m length/m
PR
Before 12 140 1.0~1.5 13~13.5 5.2~5.5 4 0.55~0.57 145~150 8.0~8.3 5.0~5.2
adjustment
PR 5
After 6 140 0.5~1.0 6.5~7.0 4.8~5.0 3.8~4.0 0.42 ~0.50 50~55 2.7~3.0 3.5~4.0
adjustment
®2 NRABRRZESKT AHEFREKEBRESEAESITR
Table 2 Statistical table of blasting parameter adjustment in the honeycomb ore structure
penetration area of Kambove open-pit mining field
Ak e R JfL fLIE HERE FLARMEZE e L2t R R IIERKE
Bench Diameter/ Subdrill/ P&  Spacing/ Burden/ Emulsion specific Single hole  Charge Stemming
height/m mm m Depth/m m m charge/ (kg + m™) charge/kg height/m length/m
JARET
Before 10 140 1.0~1.211.0~11.2 5 4 0.60 ~0.65 120~130 6.5~7.0 4.2~4.5
adjustment
RS
After 10 115 1.0~1.511.0~11.5 4 3.5 0.53 ~0.64 75~9 6.5~7.5 3.5~4.0
adjusted
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E I1-C028-1323-001 (§™) Ml X HOR V™ ABLZ AL
AR B R, 1 3 SE ) [B] SR ) 17 ms/25 ms/
42 ms, JLIE 5, GBF-C010-1350-006 (&) Bk [X 3,
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Fig. 3 The charge process by restraining with 42 ms, WL 7,
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Table 3 Statistical table of hole inspection record

RFLIR

e Lz LI . AL BAELEL AEHAE AR
ZEALIX I . 7 o o
Drilline are: Diameter/  Depth/ Hole denth Total Qualified hole unqualified hole  Success
Tiing area mm mm e dep number/ /> number/ /> number/ /> rate
error range/m
E1II - C006-1341-001(#")
14 . +0. 2 12 .89
E 11 - C006-1341-001 (Ore) 0 6-5 +0-3 38 370 96.8%
EIl- - - 140 183 170 13
II - C028-1323-001 (#") 4 £0.3 91.5%
E Il - C028-1323-001( Ore) 115 292 270 27
GBF-C010-1350-006 (&)
11 11. £0.7 6 2 4 %
GBF-C010-1350-006 ( Ore ) > > +0 3 3 89%
GBF-C016-1350-010( &)
11 11 +0. 4 .39
GRBF- C016-1350-010( Ore) 3 0.7 35 8 7 87.3%
* 4 BHBHEITR

Table 4 Statistical table of blasting parameters

GBF- C016-1350-010( %)

HERAN DX Ik EIl- C006-1341-001 (%) EIl- C028-1323-001 (%)  GBF- C010-1350-006 (™)
Blasting area EIl- C006-1341-001(Ore)  EII- C028-1323-001(Ore)  GBF-C010-1350-006( Ore) GBF-C016-1350-010( Ore)
FLIR Depth/mm 6.5 7 11.5 11
FL¥E Spacing/m 5 4.8/4.2 4 4
HEHE Burden/m 4 3.8/3.5 3.5 3.5
KE2h2e ) Z AR SR AU/ R T AL HC R/ R R AL
Type of explosive ANFO Emulsion ANFO/ Cartridge Emulsion/Cartridge
FAFE
Powder factor/ 0.31 0.47 0.51 0.60
(kg +m™)
ALz
Single hole charge/kg 37-5 55745 75 84
Linear charge density/ 12.5 17.6/12 8.5 12
(kg -m™")
e S
Charge height/m 3 3/3.5 8 7
WHERKE
ZE‘%JKE{ 3.5 4/3.5 3.5 4
Stemming length/m
M
1432 24 27 47
Total charge/kg 325 000 00 00
BT s 46000 50000 5400 8000
Blast volume/m’
4 @B (3) 53 )2 15 1% R 005 A 2050 b, 9 /0 K 24 BRLRE R
ZaTe HORAETHI 6
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Fig. 4 EII-C006-1341-001(ore) blasting network diagram
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Table 5 Statistical table of blasting effect

HRE DX S

Blasting area

RBERGE

Block rate statistics

A SET

Looseness statistics

HRRGE T

Foundation ratestatistics

Ell- C006-1341-001 (#™)
EIl- C006-1341-001 ( Ore)

Ell- C028-1323-001 (&™)
EIl- C028-1323-001( Ore)

GBF- C010-1350-006 (4)
GBF- C010-1350- 006 ( Ore )

GBF- C016-1350-010(4")
GBF- C016-1350- 010( Ore )

A X H77 2 =650 mm B 150
e, LR 3.4 m® 1A, KR
1.1%

There are about 150 pieces of large
blocks of more than 650 mm in this
blasting area, with each 3.4 m’,and
the rate of large blocks is 1.1%

AMI R A =650 mm KBy 100
e LA R34 m’ A, K HoR
0.75%

There are about 100 pieces of large
blocks of more than 650 mm in this
blasting area, with each 3.4 m’, and
the rate of large blocks is 0.75%

JIX 37 A2 =700 mm KBk 2 120
Pe, LA 3.4 ' JHAT, KR
7.5%

There are about 120 pieces of large
blocks of more than 700 mm in this
blasting area, with each 3.4 m’, and
the rate of large blocks is 7.5%

JLIX L7 42 =700 mm KR 2 70
Y, DAL 3. 4m® T, RHER 3%
There are about 70 pieces of large
blocks of more than 700 mm in this
blasting area, with each 3.4 m’, and
the rate of large blocks is 3%

R =1.5 m 454158
TR =15

The average height of the explosive
pile is more than 1.5 m,and the
loose degree is more than 1. 5
based on the number of excavators
and loaders

HHER =15 m G5 i2ia
THAZR B =15

The average height of the explosive
pile is more than 1.5 m,and the
loose degree is more than 1. 5
based on the number of excavators
and loaders

PR =1 m, 5 5is Ty
AR N =1.2

The average height of the explosive
pile is more than 1 m,and the loose
degree is more than 1 based on the
number of excavators and loaders

PR T =1 m, G5 5451807
PR AN =1.2

The average height of the explosive
pile is more than 1 m,and the loose
degree is more than 1.2 based on
the number of excavators and load-
ers

FH=0.2 m IRE, RKR
<1%

No foundation depth of =0.2 m,
and the foundation rate is less
than or equal to 1%

R =0.2 m BIHE, HRE R
<1%

No foundation depth of =0.2 m,
and the foundation rate is less
than or equal to 1%

ARG X BUAR R = 0.5 m (1Y
HIJEE,0.4% < R <1%

In some areas, the height differ-
ence of the foundation is greater
than 0. 5 m, and the foundation
rate is less than 0.4% but more

than 1%

o IX HH BLAR 5 =0.5 m
HUIR,0. 5% < HUKHE<1%

In some areas, the height differ-
ence of the foundation is greater
than 0. 5 m, and the foundation
rate is less than 0.5% but more

than 1%
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g. 5 EII-C028-1323-001 (ore) blasting network diagram
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Fig. 6 GBF-(C010-1350-006(ore) blasting network diagram Fig. 7 GBF-C016-1350-010(ore) blasting network diagram
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Fig. 8 EII- C006-1341-001(ore) picture after blasting Fig. 9 EII- C028-1323-001 (ore) picture after blasting
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B 10 GBF- C010-1350- 006 (") 4 f5 & A
Fig. 10 GBF-C010-1350-006( ore) picture after blasting
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GBF- C016-1350- 010 (&™) ¥ /5 E A
Fig. 11 GBF-C016-1350-010( ore) picture after blasting
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