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Abstract: To address the prevalent issues of uneven rock fragmentation and high boulder rate in high-bench deep-hole blasting
within high-altitude cold open-pit metal mines, an enhanced blasting technology utilizing water stemming for open-pit mines
was proposed. A numerical simulation method was employed to investigate the spatiotemporal variation patterns of effective
stress and damage within the rock mass after explosive detonation under two working conditions: fine sand stemming and water
stemming. The mechanism of water stemming enhanced blasting was analyzed. Furthermore. blasting crater tests were
conducted at the Xizang Julong Copper Mine to verify the accuracy of the numerical simulation results. The results indicate that
during conventional blasting with fine sand stemming, the equivalent stress propagates upward slowly and unevenly. causing
most of the blasting energy to concentrate at the bottom of the borehole, resulting in insufficient fragmentation of the upper
rock mass. In contrast, during water stemming blasting, due to the incompressibility of water and its excellent stress
transmission properties, the blasting stress propagates rapidly and uniformly through the water column to the middle and upper

parts of the borehole, leading to effective fragmentation of both the upper and lower rock masses. Compared with fine sand
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stemming blasting, the upper water stemming blasting increases the maximum surface length, depth, and volume of the

blasting crater by 13.33%, 12.07%, and 90.88% ., respectively. The research results can provide a reference for efficient

blasting and mining in high-altitude cold open-pit metal mines.
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Fig.1 Physical model construction and mesh generation of blasted rock mass
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Fig.2 Layout of blasting parameter monitoring points
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Fig.4 Cloud maps of effective stress after blasting with fine sand stemming and water stemming
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Fig.5 Cloud maps of damage distribution after blasting with fine sand stemming and water stemming
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Fig.6 Variation curves of effective stress with time after blasting with fine sand stemming and water stemming
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Fig.7 Variation curves of rock mass damage with time after blasting with fine sand stemming and water stemming

£5 LTIk K B AN BT T 46 1k K o R K L T R R
T A R PR RE L B ATHR A E T 76 /K Hh DR A% 8 14 [ 1
R A I 0 A A A A 40 0 A R A L IR TR
K 28 A 2 R T MR OR
22 EXAEEBRBRFLABERSN

S 56 UE RS A UL B S 45 SR 1) A VL AS F A
PERBCE JE A 5 305 m SF R I T 4 R <
B ZOR M 8 Fras . w8 AR e oK BUHE R A

BORHABEZm, S5V SR LE 8(a))
AHEG S 500 i 7K 3E 2 (O I 8 (b)) 1 ] J 7K 2
UL 8 o)) S8 EL X B i 380 R HAT B8 FHAE FH , =& X
N7 ) A B U S 3R T R R BE AR i B T 16,67 20 .
13.33 %, W SF W B4y 538 I T 3.88%.12.07% , I
SRR BRI T 13.10%.90.88% . FHUL AT, |
0 7K 1L 2 P 8 i 1 80O e A, X S AR IR
BAEB L R 5.



50 ok B R 5 A

2026,46(5)

(a) HiVHE

i i v
(b) PIfEsKIHE [>

V=15.87 m’
(d) &/KEE

300
12.07% 260
250 237 3856 22 ‘ez ]
200}
£ 150
~=

750

600 |- .0

2&1%‘% FEARZE EMEAGHE £KHE
BB T
(e) BHR - RERARE

BT
(f) JB0R -iRE

50
40.79
40 90.88%
30}
£ :
E 13.10% 94 17
= 21.37
20 f
, 15.87
- 25.714%
10+

0 1 1 1 1
WIVEE BMEACEE EMEACEE £/KIHE
BB T
(g) 18R AR

B8 AREETINBWEINELER

Fig.8 Results of blasting crater tests under different stemming conditions
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