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Abstract :

and enhancing rock mass stability in open-pit mining operations. Traditional presplit blasting techniques are plagued

Presplit blasting serves as an essential technique for maintaining optimal excavation profile integrity

by excessive drilling requirements, prohibitive construction expenses, and suboptimal operational efficiency. To ad-
dress these technical and economic constraints, this study introduces and comprehensively examines an innovative
technique : wide-spacing presplit blasting with low-power, bulk-loaded explosives and a coupled-charging configura-
tion. This investigation focuses on the engineering of metamorphic sandstone slopes at the 380 platform on the left
side of a specific open-pit mining operation, which serves as the research context for the study. This study addresses
the critical technical challenges in implementing the novel method under conditions of high rock hardness ( strength
factor f=12 ~16) and intact rock mass structure ,focusing on two key aspects:the diminished superposition effect of
stress waves and the enhanced difficulty of crack coalescence resulting from significantly increased borehole spacing
(18 ~25 times the borehole diameter,e. g. ,3.0 m spacing for a 140 mm diameter holes) ;and the stringent require-
ments for precise energy distribution and optimal utilization of the “air wedge effect” imposed by the unique charging
configuration that combining bottom-coupled charges with upper decked air gaps. Based on siress wave propagation
theory and explosion gas quasi-static pressure mechanisms, this study develops an optimized blasting design featuring
bottom-coupled charges for effective crack initiation combined with upper decked air gaps to facilitate crack propaga-
tion, while employing an electronic detonator-based precision delay initiation network to ensure prioritized presplit
hole detonation and coordinated inter-hole stress field development. Field application demonstrated outstanding per-
formance metrics :the technique achieved an average half-hole preservation rate of 85.2% while maintaining presplit
surface deviation within 8.7 cm. The innovative approach yielded substantial economic benefits, including a 50% re-
duction in drilling volume ,an 84% cost saving through electronic detonator substitution for detonating cord,and more
than fivefold efficiency gains via bulk explosive loading systems, collectively reducing comprehensive costs per square
meter by 46. 6%. This advanced wide-spacing, low-power, bulk-loaded emulsion explosive coupled charge presplit
blasting technology represents a technically sophisticated , economically viable,and operationally reliable solution that
effectively addresses conventional method limitations. The successful implementation establishes a replicable frame-
work for slope control blasting in analogous open-pit mining environments, demonstrating significant potential for
widespread engineering applications.
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benefit

TSR A S DA TR AR h 1 4 3
JZ B FEE R IR KR K B TR 38 Sl
Tt A 5 5 AU ) s s A R A AR
AR TR R R R4 B R B — Ak R S (Y T2
8% A R SEL BT R T 3 I8 B P , DA X B AR Y
MR, AT R AT B R s i T A . B T R i
FURE A AS BRI KR RS R 4P R 10 H 25 4 v, 15
G P SRR AR TR B 5 R L T AR K U T
A ARV R R BR T

S BE IR X e AR 2 OB, AR SCHR 3T R G0
FE T — PRI IE 4 TE FLERAR B IR LA KE 25
TE TR T AR . % B A 1 22 51 AR A
B, AL HESE R ALIE Y Ak e 25 2540 R AR )
IR P25 %5 e RAE TR I RTIR T, B
AR T TR 3R T AVELCR Wb T RS
Wi, ASHIE 5T TR B 7 2 G RN ) U AL 1 R
ARSI A TR, IRAC T T SE AL
P L T ) A W A R AL B R S B Ak

WM A R T B K R S
o

1 TSR

1.1 IRE=S

FERINEE R LA 380 -5 7 Bk AT 11 i 7
SLPEME T, B EE 90 m, FEFELY 14 m, B F
15 m, 3z IR & B 202k 07 2, 6 fe e
o e PRI #E B2 A AR SR o AL 58 I AR RN Ty 1%
TEIZW DX B FH 2 8% AL FE R AR A
IR N= S 1B ITER o 5 NS ol S R B
1.2 REESH

DX a P DR KA AZ Jotib o ol 3, A 18 i
RE =12 ~16, )8 Trpid £ IRAEE)ZR ARG 5
B HABRME T AR R K, 295 0.75,
AR 2.65 ¢/em’ LR 85 ~ 120 MPa, Hifir
TR 5 ~8 MPa, BipAE & 35 ~45 GPa, JAMAL 0.22 ~
0.25,



60

1/

2026 £ 3 H

2 BARERSH

2.1 FLEEHE KX R R A AL R

TGS E R ALIE — R (8 ~12) D(D R AL
7)), MAM ALY KZE (18 ~25) D, X —22 4k
Wk T 2 ARG :

1) I8 7 0% 2 Jon 255007 9 555 < AR AR N 7 U8 A 4 B
W, P FHAR AL R R g i, 7R %O 4k B oA
N 1B AN o FL IR 3 K T BN 7 U A% 46 B B 4
I, 6 IR, B AN S . TR, AL
P15 m #5KF] 3.0 m(fLFE 140 mm) , N J7 i 14
(B 77 30k 2 40% , 3% B 322 5% i) 24 4% A kS 4 R
e,

2) SLGCHTEME R RN - TS A (I R EEAH AR
J0FL = Az W R SR LRl s A B A 508 . fLEE Y
K, B R, 75 20 5 1 RE i AR R AL
TV R R AN S el e BB Y
TEOL T, 24800 g I 2 Tk 7 ), S 30 2 AE RN

3) 2Tk - FLIE Y K Bk sl fu e
LRGN, T BRI R AR 2, %
NN RS FERAEY AT 43, 3 18 2 25 W) ]
RE TS L FLBE T B R , s 2 f L%

2.2 EHLEMNZITHP R

RE AT LML R A AR 520 24 | kA <l
B 1 2 2 5 ), T SRS A s T BE S TR AL N R 53
R AR 2 B A R B 0 %, A 445 ) 244
25 3 ) P B ) A SR W ME R S R IR A
ST R G TR 1 5 ST IN l NEE e s =A 1 TR

25 SCNAL BRSO + 25 A TR P B8 X R R RUOR A
B o 3 Y 02 )RR AT DL e A SR E FH
(ST 7o =iz | DS e | A A W S § VA (EN (61 B0
Ko FHN 7 BN I HE LA A5 RS [R] B
T ZEA i SR 24, 45 By 1t I LR ) B AR T

L 9 I DR IE « 1 K 3 R o 4 5 il e
R M R ARRE L 2, WED MR AR, 57
B AR AU R AL, RREARARBAOR | JF 7 A i &
Pl el SV
2.3 EBERHFEITHEZRM

N 158 AL TR LG 25 T LR
IR RLEE I PR AT AR . (B TSR FL 2 [R] kS
PR Pt T AL, A5 38 0 ok 2 A A o] DA E 1
E=3) | I S TR V€ .

L8 A AE i A R AL TR B Y A

I PRI RE ST, (BT 2} 2 i A IR IR ] S
i T RE I OV ) P R A I R
TN o

3 EiawmERREIT

3.1 WMREHEIEEM

I T AR A - KE 2GR IR R] , 7™ 2 2 ik B o
o, FEMLFLBE BRIt I s, RS, W T3
DL I 2K ) SME G 7R L% O 2 = A
PR S s S AH AR AL R A 7 O 2 v AR
W N, A B RN ) A B S R
SR L, A U R W, B B — S5 BT S W A T
g XA R O S S SO A T S ke
%M

AR SUARYE ML : B VR RS o Tl s e i)
PR AR B S AR — R 55 AR N B AR
MIRIIRZLC D T AR T TR T 1 75
L7 A RS A 2R e A BRI 7 4R
rv, DT IR (o 50 R i bl FF e b 1) TR ARSI
FLP A R RBHE R R T I RE T, 4 A |
Bl RO A X — i T T
IS AT, B R SRR

K, =K,

KK, IR N K s A W R

FALLTE AL < AH L™ A A RG]
ST ATE , B GELSE 4, X —d
PRUERRAME AL A SO RIS Kl H Bk
SR EA/NTALEER—2F
3.2 BEMSHMLIET

TR RS ML TRER L a5
fLIE D I XRBE N a = (18 ~25) D, H )5 —H
TRl LAY HE b = (15 ~23) D

XFFFLAZE 140 mm A9IEHL, B a =3.0 m, iX—
ZHCE I IR B, 7R A AR B IS R
AT PRIE TR S 70 4 B

1) 22 25k Uit R IR EBAR & 4 24 L B
SRR B 25 4540 B G e n IR 1, #R A
BEGK PEARTE 5 B e B R P R 2, — B AL
RIK 1/5 ~1/3 34 8K BFHL(15 ~18) D,

2) Zej it AL 2y i DL A HE

Q = KqgabH

Kb Q HRALAREZ R kg K i 5FLIEA LW
ZHLALERAT 10 mBL1.0 ~ 1.2, FLIR/NF 10 m
BL0.7 ~1.05q HYEZGAFE  kg/m’ B 0.25 ~0.35;
a AFLEE, m;b AHEE , m; H A BB &, m,



FA3E 1

Rz, b 5 AT, % SEALBEMRBR IR L AR 2R R 29 AR NG 1B AR B2 5 1 61

HEB

Stemming section

B TEE
Digital electronic
detonator

AL
Woven sack
?%////
Air

REILIKEZ

Bulk emulsified explosive

K1 A2y i R I
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