Aa ittt

Gold Science and Technology

Vol. 34 No. 1
Feb., 2026

$£34%E F1H
2026 £2 A

150

W aBRH—REEERE RN EHIXER

B AR AL X R DR R

LR R RIS 2 TR, W K7D 410083;
2.1 [ A A P AL I B ST A BRA /L BEFE FEE 710100

B B ARARA BN AR E, RA 5 B XNE 52 & (SHPB) W HiXie b %48 0b X5, 5%
T RAAE TR R R — AU AR AR R AR SR . SHPB X AE R B b & AR S AR T A Tk AR
AR BT T ASIES 24 TR R L R BB AR R AR AR R T
AR AL S M N SR T 09 FR BB G AR L BB AL AR A R U, BB AR MR E AL 2R RS T B 0 AL
A Y B P 2 Y2 AR 37~42 mm B AEAL AR, B8 T X 42.8% , AT LERBT T Ak T R LA
AR MRS R THES AT, RE T B SRR KR TS B EILRAT R,
i id W B A9 T AR 1 0 dE KA, A A L AR AR R AR AR AR T B R Efe AL IS F A T 4RI
ME TR AR A ey TAZ S A MAL

KA o EHAT; 0 B X E -S4 AEAF(SHPB) ; B4R & 5 s A B L

FESES . TD3S XEIREEL:A XEHS:1005-2518 (2026) 01-0150-16  DOI: 10.11872/j.issn. 1005-2518.2026.01.255
SIS B R, IR K, BB AR, F B R AR A B AR A AL IR IR AT S [T]. 3 & A F 3K, 2026,34(1) : 150-165.
QIU Xianyang, YANG Zhenwu, QIU Hongjie, et al. Experimental Study on Energy Coupling and Dissipation Mechanism of Rock
Blasting-Crushing[ J].Gold Science and Technology,2026,34(1):150-165.

A7 LU R v A 08 5 0 1 A 0 5 i 2
B AL OIS, RO B e e 3 B IRTT I A
S tum (2255 A ,2008) . BAWFIT R, A
e A R S AL B TR A T L A T B R R B
A R R S AT LU REFE Y 30%~50% , H.
TLIRT 5 B Y i A A R A A AT
Y] Bk (Workman et al, 2003 ; Fontbona et al, 2010;
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Table 1 Basic static mechanical parameters of two types

of rocks
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Fig.1 Porphyry and skarn specimens
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Fig.2 Schematic diagram of SHPB impact test system
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Fig.3 Waveform characteristics and stress balance diagram of the specimens under impact loading
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Fig.4 Photograph of the drop hammer impact testing machine device
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Table 2 Impact pressure of conventional uniaxial impact
test

i) i SEMPY L y  TEUR/MPa
T mE  WhE

1 0.40 0.35 6 0.65 0.60

2 0.45 0.40 7 0.70 0.65

3 0.50 0.45 8 0.75 0.70

4 0.55 0.50 9 0.80 0.75

5 0.60 0.55 10 - 0.80
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Fig. 5 Flow chart of test scheme

F &7 R B A SRR ARG, 2 RS A R
SI1E B S RE RIS RE R A K . BEE A SRR
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Fig. 6 Effect of impact pressure on peak stress and average strain rate

600 =
g

o E e
I e
.\ SRE

500

400
=
I# 300 -
qm

200t

100

040 0.45 050 0.55 0.60 0.65 0.70 0.75 0.80
P UE/MPa
(a) BEE

7 AREAESETRES B ELRFE

Fig. 7 Evolution characteristics of energy distribution characteristics under different impact pressures
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Table 3 Sieve test results of ore crushing fragmentation

G AR ST FLAR T (mm ) B X3 (4 K o S5 /g

= Eil/g
0 0.3 0.6 1.25 2.5 5 10 16 20 25
po-1 0 0 0 0 0 0 0.85 4.36 0 248.29 253.50
po-2 0.02 0.06 0.08 0.26 0.25 0.71 4.41 0 29.70 208.23 243.72
po-3 0.18 0.23 0.55 1.52 2.54 9.35 21.18 25.50 40.77 144.23 246.05
po—4 0.23 0.28 0.51 1.48 1.86 12.48 3271 40.86 28.92 136.65 255.98
po-5 0.19 0.36 0.63 1.52 3.06 6.72 58.88 43.12 34.74 114.98 264.20
po—6 0.92 0.79 1.20 2.54 4.93 19.44 40.79 37.65 40.79 105.11 254.16
po-7 0.83 0.81 1.35 3.03 5.52 10.83 43.04 7.28 64.30 104.90 241.89
po-8 0.75 0.57 0.73 371 5.17 21.57 49.85 45.72 40.89 78.21 247.17
po—9 0.74 0.82 1.42 3.81 6.95 26.88 96.70 65.94 25.10 23.10 251.46
sk—-1 0 0 0 0 0 0 6.47 9.38 13.26 321.78 350.89
sk—2 0.14 0.18 0.26 0.29 5.59 6.35 15.46 30.48 12.17 235.35 306.27
sk-3 0.13 0.13 0.51 1.05 1.41 17.68 25.98 40.37 26.49 206.16 319.91
sk—4 0.39 0.71 1.42 4.23 7.60 33.27 39.20 53.58 58.64 132.92 331.96
sk=5 1.33 1.09 2.45 6.94 17.02 33.01 55.18 59.97 52.11 92.11 321.21
sk—6 112 0.99 1.82 5.16 12.45 47.53 66.20 51.23 71.06 85.28 342.84
sk=7 3.63 3.21 5.34 6.22 32.44 65.76 34.56 28.29 62.30 68.40 310.15
sk-8 1.79 2.96 2.74 4.96 12.01 45.18 69.49 63.75 60.05 46.01 308.94
sk-9 2.03 1.67 2.86 8.08 20.35 55.76 78.05 25.86 57.79 46.18 298.63
sk-10 4.69 4.72 6.44 16.01 31.53 74.53 11033 47.94 45.72 0 341.91
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Fig. 8 Impact fracture morphology of rock under different impact pressures
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Fig. 9 Mass fraction dot plot of rock sieve size
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Table 4 Sieve test results of ore crushing fragmentation

- BEA - WRE
WEAEMPa PR R mm SRR W URMPa PR mm B
po-1 0.4 37.08 - sk—1 0.35 35.96 -
po—2 0.45 35.04 1.46 sk=2 0.4 32.38 1.69
po—3 0.5 29.03 1.74 sk=3 0.45 29.80 1.63
po—4 0.55 27.50 1.78 sk—4 0.5 24.30 1.89
po—5 0.6 25.36 1.77 sk=5 0.55 21.02 2.10
po—6 0.65 24.54 2.03 sk—6 0.6 20.40 2.04
po=7 0.7 25.55 2.10 sk=7 0.65 17.92 2.37
po—8 0.75 22.30 1.96 sk—8 0.7 17.88 2.32
po—9 0.8 16.35 2.17 sk=9 0.75 16.83 2.25
sk=10 0.8 11.82 2.36
TE i po—1 Fll sk=1 B 41 R B2 FEAWOR , WO BEF T A IR AR B0 T4 s - AR B A A 5]
x5 HAFHNES=HMFHEHIRESR
Table 5 Conversion results of ore average particle size and triaxial average diameter
REA s
Hii ' SRR fmm P 348 /mm G SEHPRIAR /mm P4 mm
po—1 37.08 38.96 sk—1 35.96 39.53
po—2 35.04 36.98 sk=2 32.38 35.84
po—3 29.03 31.12 sk=3 29.80 33.16
po—4 27.50 29.63 sk—4 24.30 27.48
po=5 25.36 27.55 sk=5 21.02 24.08
po—6 24.54 26.75 sk—6 20.40 23.45
po=7 25.55 27.73 sk=7 17.92 20.89
po—8 22.30 24.57 sk—-8 17.88 20.84
po—9 16.35 18.77 sk—9 16.83 19.76
sk=10 11.82 14.58
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Fig. 10 Conversion model of sieve particle size—triaxial average diameter
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Fig. 13 Fragment state of porphyry after each stage fragmentation
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Fig. 14 Fragment state of skarn after each stage fragmentation
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Coupled model of total energy consumption
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Experimental Study on Energy Coupling and Dissipation Mechanism of Rock
Blasting—Crushing

QIU Xianyang', YANG Zhenwu', QIU Hongjie', SHEN Wenbo', LI Leilei’, FENG Zeping®, WU Dong’
1.School of Resources and Safety Engineering , Central South University , Changsha 410083, Hunan, China;
2.Power China Northwest Engineering Co., Lid., Xi’an 710065, Shaanxi, China

Abstract: Energy consumption in comminution processes, which include blasting, crushing, and grinding,
constitutes a significant portion of operational costs in hard-rock mining. Traditional optimization approaches
often treat blasting and crushing as separate systems, leading to inefficient energy distribution and
underutilization of chemical energy (explosives) to alleviate the burden on downstream mechanical
comminution. This study addresses this gap by developing a quantitative energy coupling model that connects
blasting energy input, rock fragmentation distribution, and subsequent crushing energy consumption. To quantify
these relationships, a comprehensive experimental program was conducted on two representative rock types:
granodiorite porphyry and skarn. The methodology integrates dynamic impact tests using a Split Hopkinson
Pressure Bar (SHPB) with static-impact crushing tests employing a drop-weight apparatus. The SHPB tests,
conducted under varying impact air pressures, simulated the rock fracturing process under explosive loading.
The results indicate a clear linear dependency, wherein the three-dimensional mean particle size of the blasted
rock decreases proportionally with increasing incident energy. Subsequent to the primary stage, drop-weight
tests were conducted on oversized fragments to establish an exponential growth model for crushing energy
consumption as a function of input particle size. This model underscores the substantial energy costs associated
with processing coarse blast fragmentation. By mathematically integrating both stages, the study developed a
comprehensive model of total energy consumption. The analysis reveals that the total system energy exhibits a
characteristic “U-shaped” trend (decreasing then increasing) within the constraints of the process. Specifically,
an increase in blasting energy initially leads to a significant reduction in mechanical crushing load. However,
beyond a certain point, further increases in blasting energy result in diminishing returns. The model identifies
precise optimal operating points, with minimum total energy consumption recorded at 176.66 J for porphyry and
91.54 J for skarn. These minima correspond to an optimal fragment size range of 37~42 mm. By targeting this
specific fragmentation range, overall system energy consumption can be reduced by up to 42.8% compared to
conventional operational parameters. These findings reveal a fundamental conflict between the nonlinear
characteristics of crushing dissipation and the gradient distribution of blasting energy. The results indicate that
relying exclusively on mechanical crushing for size reduction is energetically inefficient for hard rocks. Instead,
increasing the proportion of rock breakage achieved through chemical energy or implementing multi-stage
crushing strategies can substantially improve system performance. This study, for the first time, develops a
closed-loop quantitative coupling model of blasting energy, fragment size, and crushing energy. It elucidates the
nonlinear principles governing inter-process energy transfer and provides both a theoretical foundation and
parameterized guidance for optimizing energy use throughout the entire process. This research offers significant
engineering value for cost-effective and sustainable energy-efficient hard-rock mining.

Key words: impact load; Split Hopkinson Pressure Bar (SHPB); drop-weight impact; energy dissipation;

fragment size
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